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PEEFAGE. 



Twelve months have now elapsed since it 
occurred to me to facilitate urinary examina- 
tion at the bedside by means of test papers. 

m 

Last June I published my notes on the 
qualitative testing of albumen and sugar by 
this simple method. Since then the generous 
encouragement of my professional friends, 
as well as the growing conviction that the 
thought I was putting into practice will 
really contribute — ^in however small a degree 
— to the convenience of those whose clinical 
work lies mainly at the bedside, have stimu- 
lated me to push forward that portion of my 
task left over. 

I therefore now bring forward those quan- 
titative methods for the estimation of albu- 
men and sugar provided by the test papers, 

A2 



n 



which I have f oimd nsef ul. They undoubtedly 
possess the recommendations of quickness 
and simplicity. 

Quantitdtive Albumen. — The method pro- 
posed for quantitative albumen, I am 
persuaded, will not merely be found con- 
venient in the daily round, but may supply 
a want long felt in the consulting room: 
for the graduated tube with its accom- 
panying standard can define with precision 
at once the proportions of albumen which 
can only be gauged by other methods 
after considerable delay, and even then with 
less approach to accuracy. 

At the present time there is no procedure 
for the quantitative determination of albu- 
men which can be regarded as at on6e easy 
quick, and exact. 

Heat and acetic acid, while furnishing the 
very inaccurate, though generally adopted, 
method of subsidence, requires time. 
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Heller's Nitric Acid mode of testing pro- 
vides merely a general impression of quantity 
— such as the two deductions of Hoffman 
and Ultzmann drawn from the density and 
other physical qualities of the zone of albu- 
men, viz, : " less than half one per cent." 
" one to two per cent.": and even the plan 
followed by Dr. W. Roberts, of diluting the 
urine until almost the vanishing point of 
albumen (-0034 p.c.) with Nitric Acid is 

T 

reached, though an advance on other pro- 
cedures, is somewhat tedious from the many 
consecutive testings required. 

Then again, the weighing of the dried 
albumen after precipitation by heat is not a 
practical method for medical men; for it 
consumes too much time, and after all, <<the 
results obtained are only moderately accu- 
rate with every care."^ 

The determination by the polariscope is 
1. UrvMvry and Benal Diseases by Dr. W. Boberts. 
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acknowledged, even by its introducer, Bec- 
querel, to be of very limited clinical nse-^ 
for it cannot be accurately applied to moder- 
ately and feebly albuminous urines. 

Finally, the volumetric methods (lodo- 
mercuric and Ferrocyanic) have rarely found 
their way beyond the laboratory, and are by 
no means so accurate as might be supposed 
from the nature of a chemical process. 

Quantitative Sugar, — A large number of 
observations have satisfied me that the 
Indigo-carmine test paper possesses a quan- 
titative power which can be readily and 
usefully applied in the course of clinical 
work. So far, I have neither had the 
time nor the inclination to elaborate a 
precise analytical method, such as I am per- 
suaded the Carmine test can provide : but I 
regret this omission the less, because there 
are already at least three good procedures 
(Johnson's, FehKng's, and Roberts' different 



tial density), and the test papers appear to 
me to afford that practical quantitative in- 
formation — approximative thoiigh it be — 
which, I think, busy men will be glad to 
compass without loss of time. 

Extension of the Method. — ^The advantages 
of this mode of testing are so considerable 
that one would wish to see them extended 
beyond the borders indicated by the follow- 
ing pages ; and I trust that further enquiry 
and experiment may permit the application 
of it to the estimation of other constituents 
of the urine of clinical interest. 



HarrogcUe, 

Janvaryy 1884* 
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CHAPTER I. 



THE 

OLD AND THE NEW METHODS 

OF 

BEDSIDE URINARY TESTING. 



1. The Inconveniences which abise 
fbom casbying about solutions op 

THE BEAGENTS, ESPECIALLY WHEN CAUS- 
TIC OB COBBOSIVE. 



TT is not necessary to describe the miseries 

of Nitric acid, and of Fehling's solution : 

for I have merely to point to dilapidated and 

spoilt urinary cases, and to the fact that 

many medical men have been driven by the 

B 
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objectionable properties of these caustic 
fluids to give up urine testing entirely during 
their rounds. Hence, I fear there has often 
arisen some neglect of an important branch 
of practical medicine: for it is surely the 
duty of a medical man to examine the urine 
of every case — whatever the ailment — and 
not merely to trust to a suspicion of there 
being something wrong here and there, and 
then only to order a sample of the urine to 
be sent to his house. 

But solutions, though physically unobjec- 
tionable, are undesirable in the daily round, 
when compact dry preparations are obtain- 
able, which will remain unimpaired by free 
exposure, and which can be freely handled, 
and as harmlessly — ^to the fingers and the 
tests — ^as ordinary vmting paper. Fluids 
must have bottles, which take up room, and 
the best corking cannot be trusted, especially 
when the contents are required at every 
"turn in the daily work. 
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II. Urinaet Examination by Test 

Papers. 

About a year ago the idea occurred to me 
to run the test solutions into chemically inert 
filtering paper, linen, or other fabric, and 
after drying, to use the product cut up into 
test papers.^ It appeared to me that we 

1 Very shortly after the i^pearance of my 
first paper on Bedside Urinary Tests (Lancet, Jan. 
27th, Feb. 3rd, 1883), my friend. Dr. Geo. Harley, 
informed me, that in 1862, Professor de Luna, of 
the Central University, Madrid, showed him some 
urinary test papers. I have since, through Dr. 
Harley's kindness, examined Professor de Luna's 
Bolsa Chemica, and the printed instructions con- 
tained therein, I found six test papers, viz. : (1) 
litmus (blue), (2) litmus (red), (3) turmeric, (4) 
molybdate of ammonia, (5) acetate of lead with 
nitrate of silver, (6) ozone papers after SchOnbein. 
There were no test papers for albumen and sugar : 
the detection of which is clinically so important. 
None of the test papers were of any practical 
value, so that I think it fair to conclude, that is the 
reason why what Professor de Luna inaugurated 
remained sterile. He must, however, be credited 
with the idea of presenting urinary test-reagents 
on paper. I need scarcely say that I was totally 
ignorant of these facts, until my attention was 
directed to them by Dr. Harley. The coxiQladiiig 
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should thus secure the deposition of the 
reagents in a finely divided and concen- 
trated state; a condition, it was hoped, 
which would be favourable to such a rapid 
re-solution of them in the urine as to pro- 
duce a quick and sensitive action on the 
constituents sought for. I soon discovered 
that the pieces of chemically charged paper 
were, when dropped into the urine, very 
delicate and cleanly tests ; and being in the 
most portable and compact of all forms for 
clinical work, and, moreover, affording as 
good if not even better results than I had 
previously obtained from the old corrosive 

words of Professor de Lima's memorandum are 
interesting. " Perhaps farther studies, improving 
this pouch and rendering it more useful in medical 
practice, will enable us to ascertain with analogous 
results, sugar, albumen, &c. • • • My inten- 
tion has been to put into real practice a thought 
which has occupied my mind for many years. 
As to the rest time will take upon itself its real- 
ization." (Quizk nuevos estudios escaminados 
& perfectionar esta bolsa, haciendola cadu, viz. : 
mas util en la practica-medica, permitan reconocu 
con reactivos analogos, el azuca, albumina, &c. 
• • • Yo solo me he propuesto dar forma real 
6 un pensamiento que viene preocup&udome hau 
algunos anos : lo demis el tempo se encargar4 de 
realiasarlo). 
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test solutions, it was not long before I 
cleared my spoilt urinary case of the la);ter ; 
and I did so with feelings of satisfaction 
and comfort. 

I should also remark, that the test papers, 
apart from ministering to the personal con- 
venience of the observer, possess clinical 
advantages, such as the handy and easy 
methods which they provide for quantitative 
estimations at the bedside. 
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CHAPTER 11. 



THE QUALITATIVE ESTIMATION Ot' 

ALBUMEN. 



1. Obsebvations on the woekinq 
OP THE OLD Tests (Niteio Acid and 
Heat) by the side op the othebs 
on the same ubines. 



No one can form a reliable opinion of the 
value of any one test compared with that of 
others, unless he devotes no small amount 
of pains to a careful observation of the 
working of the various tests side by side. 
This rule I have followed since I began 
this enquiry, and my observations have 
been very numerous. 
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In deciding the* sensitiveness of the 
various tests, I preferred to draw con- 
clusions from clinical evidence, rather than 
from experiments on dilute solutions of ov- 
albumen or ser-albumen. And, for this 
purpose, I took a series of urines but faintly 
impregnated with albumen, presumably de- 
rived from the presence of a small quantity 
of pus, or of blood, or of both, as deter- 
mined by the microscope. The table of 
results annotated at the time of every 
testing is before me. All the urines were 
acid except one, which was faintiy alkaline. 
The reagents employed were the following : 

1. Strong Nitric Acid. 

2. Boiling the urine and afterwards ad- 
ding acetic acid. 

3. Saturated solution of Potassium Fer- 
rocyanide, and urine freely acidulated by 
citric acid, as suggested by Dr. Pavy.i 

4. Saturated solution of Picric acid, as 
advised by Dr. George Johnson. 

1 See The LanceU vol. ii, 1882> p. 828. 
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5. Acidulated Brine, after Dr. Wzn. 
Boberts.i 

6. Standard solution of Potassio-mercu- 
ric Iodide, after Tanret, with, however, 
this modification — strongly acidifying the 
urine with citric acid instead of acetic. 

The test fluid and the urine were in all 
the experiments brought into contact, as in 
Heller's method of using strong Nitric Acid, 
and the line of juncture was carefully ex- 
amined for at least five minutes. 

Out of the twenty urines Nitric Acid 
failed to indicate the presence of albumen 
in sixteen instances, Boiling in fourteen, 
Acidulated Brine in fourteen, and Potassium 
Ferrocyanide in twelve; while Picric acid 
and Potassio-mercuric Iodide gave a distinct 
and generally a sharply defined ring of 
precipated albumen in every case. 

By the side of these reagents I likewise 
experimentally tried citric acid dissolved 
in the picric solution — ^two drachms to one 

1 The Lancet, vol. ii.^ 1882^ p. 613. 
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ounce — and it invariably afforded a more 
rapidly formed and better defined zone than 
resulted from Picric acid alone ; and, more- 
over, when the urine and the acidified 
picric solution were afterwards shaken 
together, the opacity from precipitated 
albumen was greater than when the simple 
picric solution was used. Hence, I con- 
clude that, in detecting small quantities of 
albumen in urine, the power of Picric acid 
is quickened and intensified by the presence 
of citric acid. 

The reaction was indicated by varying 
degrees of rapidity by the different tests ; 
I must name the Potassio-mercuric Iodide, 
Picric-cum-Citric, and Picric acid as the 
readiest ; and of the three I would, if asked 
for a preference, decide in favour of the 
first. I found as a rule Nitric acid. Acidu- 
lated Brine, and Potassium Ferrocyanide 
much slower in bringing to light mere 
traces of albumen. 

k 

The same • method of testing (Heller's) 
was followed tliroughout these observations 
for the purpose of securing uniformity in 
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gauging the results. But I must say wiib 
regard to Potassium Ferrocyanide, that I am 
not quite satisfied as to whether the capac- 
ity of this test as an albumen precipitant 
was in this way fairly put to the trial ; for 
on several occasions I noticed the produc- 
tion of a very slight opacity all through the 
urine, instead of a well-defined zone. I am, 
therefore, with this qualification in my mind, 
inclined to think somewhat better of it than 
the above recorded number of failures 
might lead one to suppose. 

The outcome of these observations, as 
well as many more recent ones, suggests to 
me the grouping of the tests in the follow- 
ing rising order of power to detect small 
quantities of albumen : — 1. Nitric Acid 
and Boiling. 2. Potassium Ferrocyanide 
and Acidulated Brine. 3. Picric acid, Sodium 
Tungstate, Potassio - mercuric Iodide. I 
have, as a rule, found the members of each 
group to be nearly equivalent, and con- 
firmatory of each other ; and, further, the 
albumen which Nitric Acid and Boiling dis- 
covered was always detected with greater 
facility by all the other reagents, and those 
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t^sts which coixiprise the third group fre- 
quently revealed traces which the others 
failed to bring to light; Pota&sium Fer- 
rocjanide and Acidulated Brine certainly 

took precedence over Nitric Acid and Boil- 
ing. 

As confirmatory of the foregoing obser- 
vations, I may mention that I supplied an 
analytical chemist with some albuminous 
urine, and he subjected it in the following 
way to a comparative examination by Nitric 
Acid and the tests I am introducing in the 
paper form. After diluting the urine until 
the albumen was just detectable by the 
acid, he proceeded to further dilution, when, 
the reaction failing to appear, the more deli- 
cate paper tests still distinctly indicated the 
presence of the albumen. 

The same fact may be illustrated by the 
following experiment: — ov-albumen is mixed 
with distilled water, or with urine proved 
by the test papers to be free from albumen, 
and is then coagulated out by boiling and 
acetic acid; after thorough filtration, the 
clear liquid, though giving no reaction with 
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strong Nitric Acid, affords a cloud with 
the test papers. 

Undoubtedly the most delicate tests for 
albumen are the Potassio-mercuric Iodide, 
Picric Acid, and Sodium Tungstate ; and 
experiment shows that these precipitants are 
of nearly equal keenness. Then follows in 
the order of sensitiveness the Ferrocyanic 
test, which just covers the range of heat 
and Nitric Acid. 
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II. The Albumen Test Papers. 

Observation having proved the following 
to be the best and most trustworthy albu- 
men precipitants, viz., Potassio-mercuric 
Iodide, Sodium Tungstate, Picric acid, and 
Potassium Ferrocyanide : it was found they 
were all soluble in water, and could then be 
evenly distributed through filtering paper, 
which, when dried, possessed the albumen 
precipitating power of the reagents unim- 
paired. The selection of the precipitants 
was, in the first place, determined by an 
enquiry which I undertook in order to 
decide for myself which were the tests of 
most promise, and the production of them 
as test papers was quite a secondary matter. 

1. Potassio-mercuric Iodide was brought 
forward as an albumen precipitant by M. 
Chas. Tanret, of Paris.^ According to my 
observations it is the most sensitive test 
known. The precipitate it produces is 

1 See Journal de Coniiaissances MMicales, Mai 16> 
1872 ; also " Recherche et dosage de VatbttmiTie dans 
I'urine" Bulletin de Th4rapeutique, 15 aoiit 1877^ 

p. ao8. 
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dense and bulky, and being white, it is 
moreover much more distinctive than the 
tawny yellow picric opacity, which resem- 
bles the colour of the urine; it likewise 
coagulates and subsides more readily than 
the latter. The standard solution, from 
which the papers are prepared, is the 
following : — 

Grammes. 

Mercuric chloride 2*70 ") „^ j«„«n inA ^ ^ 
Potassium iodide 6-64 ] ^ ^^^^' ^^ ^' ^' 

2. Sodium Tungstate. According to the 
Journal of the Chemical Society, for March, 
1874, it is stated that this salt had been 
employed by F. L. Sonnenschein as a 
sensitive blood test — ^producing with ammo- 
nia a deep green colour, even when the 
blood was so dilute as not to be recogni- 
zable by the spectroscope — and as an 
albumen precipitant in the presence of 
acetic, or phosphoric acid. I suppose this 
important observation has not attracted the 
notice of clinical observers, for I am not 
aware of any reference to it in the medical 
journals in its obvious applications to 
urinary analysis. On mixing together equal 



parts of the saturated solutions of the Tung- 
state (one in four) and of citric acid (ten in 
six), and of water, I obtained an albumen 
precipitant of great delicacy, rapid in opera- 
tion, and one moreover, so far as I have 
ascertained, devoid of all objectionable qua- 
lities. When merely dropped into the urine, 
or used after the manner of Heller, it has 
always quickly repealed the same minimal 
proportions of albumen as could only be 
brought to light by the other keenest tests. 
This combination, when evaporated to dry- 
ness on filtering paper, gives results very 
satisfactory, and the test paper thus pro- 
duced is, in my opinion, one of the readiest 
and most sensitive of this series of albumen 
precipitants. 

3. Potassium Ferrocyanide^ when depo- 
sited to saturation on filtering paper, is a 
very reliable work-a-day test ; in my hands 
it has proved itself almost as sensitive as the 
other test papers. According to my experi- 
ments on peptones, this is the only albumen 
precipitant of the series which will not 
throw down peptones as well as albumen. 
In this respect it may therefore be classed 
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with Heat and Nitric Acid, which cannot 
detect peptones. (See p. 51.) 

Citric Acid. — ^All the foregoing reagents 
are inoperative as albumen precipitants un- 
less the urine is highly acidified ; their 
application should, therefore, be preceded or 
accompanied by a sufficient charge of acid. 
For this purpose citric acid is easily made 
available, when deposited to saturation on 
filtering paper, and in this form it has af- 
forded me uniformly satisfactory results 
with all the albumen test papers. 

Compound Papers. — Instead of using citric 
paper separately prior to the reageant paper, 
it has been combined by a thin layer of 
rubber with the latter, as a single test paper, 
in the case of Potassio-mercuric Iodide. The 
Picric and the Tungstate are likewise pre- 
sented as compound papers; but in these 
instances chemical reasons do not necessitate 
the separation of the citric acid from the 
reagent : the two are, therefore, united in 
the same paper. 

4. Picric A cid can be deposited to satu- 
ration on filtering paper, which becomes a 



most compact and cleanly vehicle, and which, 
moreover, quickly delivers its charge to 
water or urine. Repeated observation has 
shown me, that when united with citric acid, 
as in the test papers. Picric acid is divested 
of most of the objections that have been 
urged against it. A few drops of albumi- 
nous urine instantly turn the bright picric 
solution, extemporaneously prepared from 
the test paper, into a muddy one, while the 
addition of more urine does not dissolve the 
precipitate with anything like the same 
readiness as when Picric acid alone is used. 
Then, again, I have found that Picric acid is 
apt to fail in albuminous urine when alkaline 
•—a condition which is met by the Picric- 
cum-Citric test. Thjs test paper is, howev^, 
in my opinion, the least satisfactory member 
of the series. 
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III. The Mode of Testing. 

No urine, while it remains turbid, should 
be submitted to the tests, or indeed to any 
test for the detection of albumen : it is best 
to remove the turbidity by filtration; this 
simple process, can, of course, be performed 
anywhere by a piece of blotting paper, or 
filtering paper carried for the purpose. If 
the opacity be due to urates it may be 
removed in a few minutes by a carbonate of 
soda paper, or at once by warmth, (see p. 
41) ; when phosphatic the turbidity quickly 
clears up on adding a citric paper. 

The nipple pipette (see engraving) is a most 
useful article at the bedside ; it enables ^he 
observer to take up a perfectly clean speci- 
men of urine, perhaps otherwise unpro- 
curable, and to examine separately the 
deposit, or any particular portion of it. 

Prom thirty to fifty minims of the urine 
are transferred to one of the short test lubes 
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(see engraving). It is now rendered strongly 
acid by dropping into it a citric paper, which 
may be allowed to remain, or may be with- 
drawn after the interval of a few seconds.^ It 
is not now needful to ascertain if the urine be 
sufficiently acidified — unless it was distinctly 
ammoniacal, when at least two citric papers 
should be used — therefore without delay 
the test paper selected is allowed to fall into 
it. A simpler plan, and one which answers 
almost as well, is to drop both the acid and 
the reagent papers (or a compound paper) 
into the urine, so that they may fall together 
to the bottom of the test tube, or the papers 
may be placed first in the test tube, and then 
the urine may be run in. Shaking of the 
tubb is not at all necessary or even advisable ; 
it may now be held in a vertical position, or 
be set aside for a minute. If albumen be 
present — e.g, below a sixth or eighth of a 
per cent. — a whitish cloud will very quickly 
gather about the paper, and will collect at 

1. Should a precipitate be induced by the acid 
paper — ^as will occasionally happen when the urine 
is highly charged with urates — ^it wiU quickly 
vanish on applying warmth, or on adding hot 
water. 
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the bottom of the test tube, or in the lower 
half of the column of urine: if there be 
only a trace, the opacity will of course be 
slight, and will be more readily detected by 
intercepting the light by the hand, &c., 
while, in striking contrast, the upper part of 
the urine will remain clear. If, however, 
the albumen exists in larger proportions, it 
will not usually produce a haze, but will 
coagulate about the paper and will fall from 
it in clots. The observer will now note the 
precipitation of it into the lower portion of 
the urine, where it will gather as a cloud, 
the density of which will vary according to 
the albuminous impregnation, while the urine 
above will retain its transparency. Or, he 
may now shake the tube, when the urine 
will become less or more opaque, according 
to the amount of albumen present. If, 
on the other hand, the urine preserves its 
brightness, or if any slight turbidity it 
possessed prior to the introduction of the 
test paper is not increased, it may be safely 
inferred it is free from albumen. The whole 
proceeding, of course, takes up very much 
less time than that occupied in reading the 



description of it. The reaction is practically 
instantaneous when the urine has been freely 
acidified prior to the introduction of the test 
paper. It is, however, not quite so quickly 
obtained, though the delay only amounts to 
a few seconds, when, without previous 
acidification, the compound test papers are 
used. 

Other simple and effective ways of using 
the papers will suggest themselves to the 
observer, such as the following : — 

(a) Those who prefer to develop a zone 
of precipitation along the plane of contact of 
a test solution and the urine, can do so by 
aid of these papers. Two test tubes (see en- 
graving), or a test tube and a wineglass are 
required. Into one the reagent paper rolled 
up is placed with about fifteen minims of 
water, and, without shaking, is set aside, 
while a similar quantity of urine is put into 
the other test tube with a citric paper. After 
withdrawing the latter, the reagent, now in 
solution, is taken up by the pipette and is 
allowed to trickle down the side of the tube, 
in which it will either glide over the urine 
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or collect below it. After developing the 
ring, the two fluids may be shaken together, 
when the albumen will be more largely pre- 
cipitated as a milky cloud. 

(b) I am indebted to Dr. S. C. Smith, of 
Halifax, for the suggestion of a very good 
and useful method, The papers are bent 
into a circle, so as to fit within the test tube, 
and are then pushed some way down : the 
tube is then filled with the urine. If albu- 
men be present, the whole of the urine below 
the papers becomes opaque, while that above 
them remains transparent or unaltered. This 
is a very pretty experiment, and provides 
the means of comparing the urine under the 
influence of the tests with that unaffected 
by them. 
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IV. The Keeping Poweb of thb ~ 

Papees. 

None of the papers have been bottled or 
kept from the air and light during the past 
year. Still, I cannot discover the least de- 
terioration of their power to precipitate albu- 
men, or any change of c6lour, or other 
physical quality. The stability of the papers 
in the exposure and friction of daily work 
has now been definitely proved. 



V. Fallacies which mat be met with. 

No one test — as at present known — for 
the detection of albumen in the urine can, on 
all occasions be implicitly relied upon : what- 
ever reagent be selected, the results it pro- 
vides require every now and then to be 
qualified, or if need, be corrected, by other 
tests or procedures. For instance. Heat 
alone is clinically valueless: it must be 
supplemented by an acid, e.^., acetic, other- 
wise the phosphatic opacity which it fre- 
quently produces, cannot. be distinguished 
from the albuminous one ; then again, if 
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the acid or alkaline modification of albumen 
be present, Heat will fail to bring it to light. 
Nitric acid is, with the unwary, also apt to 
mislead, by its liability to precipitate a zone 
of urates or of urea, hence this test is not 
always to be trusted unless corroborated by 
Heat. Picric acid has been shown by Dr. 
Geo. Johnson to precipitate artificially pre- 
pared peptones, and now and then urates 
also.i Potassio-mercuric Iodide and Sodium 
Tungstate are likewise open to the same 
fallacies; and though Potassium Ferrocyan- 
ide does not throw peptones out of solution, 
it may, like the other reagents on rare 
occasions, cause an opacity consisting of 
amorphous urates. 

In selecting an albumen test for ordiuary 
use, the choice, therefore, cannot hinge on 
the immunity of any particular reagent from 
fallacies — for there is none that can daim 
such perfection — ^but on the comparative ab- 
sence of them. 

On'using the albumen test papers, certain 
precautions have been suggested by ex- 



1. See British Medical Journal, vol. i. 1883^ p. 614 

and 859. 
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experienoe, which it is advisable to keep 
in mind, so as to reduce to a minimum the 
possibility of drawing an erroneous infer- 
ence from l^e working of them. 

(1) Highly charged albuminous urines. 
When I introduced the test papers, I 
thought it possible that urines might be 
met with, so strongly impregnated with 
albumen, that the instant the paper was 
dropped into them, a dense film of coagu- 
lum might form all over it, lock up the re- 
agent, and thus prevent further precipitation. 
I have not myself met with an instance 
of this kind, though the fluid of a hydrocele 
has provided me with a good example 
of the fact to which I refer. In this case 
none of the papers gave a precipitate, but, on 
withdrawing them, a greasy looking Irack 
was left along the inside of the test tube, 
and they felt soapy ; but when the fluid was 
diluted to about one half, the albumen was 
thrown down abundantly by all the test 
papers. On adding Picric acid, either in fine 
powder or in crystals, to the undiluted fluid, 
it would not dissolve, but merely caked 
together^ and fell to the bottomi without 
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predpitfttiiig an j of the large amomit of al- 
bumen present; then on dilating the fluid 
with an equal bulk of water, still, after 
shaking, the albumen remained in solution : 
but, on taking a fresh portion of the diluted 
solution, the Picric powder or crystals^threw 
down the albumen. A similar explanation 
of the failure of the reaction to that given 
above applias, therefore, also to this reagent 
in a solid form — even though finely pulver- 
ized — when added to a highly albuminous 
fluid: namely, the reagent becomes encased 
in a film of coagulated albumen.^ 

A urine so highly charged with albumen 
as to cause this behaviour with the tests, is 
not likely to be met with, without there 
being present such obvious and unmis- 
takeable evidence of disease as, on the 
failure of the usual reaction, to cause the 
observer to dilute the urine, or to prepare a 
solution of the reagent from the test paper 
in the second test tube. (See engraving). 

(2) The precipitation of urates is a com- 
paratively rare event: still it is apt to 

1 See the BritUh Medical Jowndl, vol. i. 1883«p. 859. 
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happen when the mine is concentrated, as in 
rheumatic and febrile cases, and is then apt 
to mislead the observer who has not been 
f orwamed. On three occasions I have wit- 
nessed the appearance of a voluminoas cloud 
of urates on adding the test papers, and 
on two of these it followed the use of the 
citric paper only : in all these instances 
Nitric Acid produced a. dense zone of preci- 
pitated urates. I am persuaded it is not 
safe to rely on the specific differences 
between the precipitation of albumen and 
that of urates as they appear to the eye. 
It is best to resort to the routine employ- 
ment of warmth (see p. 39) whenever the 
test papers produce an opacity; then, if 
wholly due to urates, it will quickly and 
completely yanish, but any albumen present 
will remain precipitated. 

Experiments and clinical observation have 
shown me that no other constituent of the 
urine is likely to be thus precipitated. A 
strong solution of urea remains transparent 
after dropping into it the test papers : and 
an opacity due to phosphates — as when 
neutral or alkaline urine is boiled — ^is rapidly 



cleared up on adding a citric paper; these 
salts cannot, therefore, fall oat of solution 
after acidifying the urine. 

(3) Alkaloids when taken freely by the 
patient — e.g. ten or twelve grains of quinine 
per diem — may be detected in the urine by 
the Mecuric and Picric test papers, which 
then produce an opacity closely resembling 
the albuminious one. But even in the cold, 
in the case of the Mercuric test, it can 
readily be distinguished from the latter by 
retaining for some time — e.g. more than 
a quarter of an hour — a uniform turbidity, 
which does not settle; while on the other 
hand, the opacity induced by albumen 
breaks up into fiocculi much within a 
minute, and tiien gradually subsides. Then 
again, the precipitated alkaloid clears up 
with heat, or on the addition of alcohol. 

Alkaloids in the urine are not thrown out 
of solution by the Tungstate or the Ferro- 
cyanic test papers. 

(4) Oleo-remns, e.g. Balsam of Copaiba 
produce with the citric paper a milkiness, 
which disappears on boiling, but quickly 
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returns intensified, even though the urine 
is still quite warm, Potassio-mercuric 
Iodide, Potassium Ferrocyanide, and So- 
dium Tungstate, in the absence of the acid, 
do not precipitate the oleo-resin, but Picric 
acid throws it down as a* dense opacity, 
which, like an «lbuminous one re-dissolves, 
until an excess of the reagent has been 
added; it is, however, soluble on boiling, 
but very quickly reappears. 

(5) Peptones, (see p. 50) 

(6) Mucus, The urine, as is well known, 
not unfrequently contains in solution a good 
deal of mucus, which, when precipitated, may 
be readily mistaken for albumen. The 
presence of this body will, however, in all 
cases be quickly revealed by the mere use 
of the citric paper : for, like acetic, citric 
acid is a sensitive precipitant of mucin ;i 
then when a mere trace is met with — 
a far from uncommon observation — the 
urine acquires a faint whitish haze, but 
when it is present in larger quantity, a 

1 I first ascertained this fact from observa- 
tions on pure mucin carefully extracted from oz- 
bile. 
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turbidity appears, which has some resem- 
blance to precipitated albumen, for which 
it cannot, however, be mistaken, for the 
albumen precipitant paper has not been used. 
The insolubility of the mucus precipitate by 
heat distinguishes it from urates. In test- 
ing for albumen by the test papers, the 
presence of mucus is, therefore, revealed at 
the onset. 

(7) I feel some hesitation in mentioning 
the last precaution I wish to adduce, because 
it is obviously so insignificant. But I do 
so, lest there should be such an obtuse 
observer in the profession, who cannot 
distinguish between a fine cloud of albumen, 
and the particles of fluff which may be 
shaken from the papers; should however, 
any doubt arise a pocket lens will soon 
resolve it. When the testing is properly 
performed — shaking being avoided — ^there 
is no fluff to interfere with the detection of 
the merest trace of albumen. 



89 



VI. The Value of Heat in Testinq 

FOB Albumen. 

Inasmuch as the tests introduced as sub- 
stitutes for Nitric Acid at the beside perform 
their work satisfactorily without the aid of 
Heat, the latter is apt to be discarded entirely, 
as being superfluous. Though observation 
has shown me, it is but now and then really 
necessary as a verifier of results, I have 
nevertheless, found the systematic applica- 
tion of it after the precipitation valuable, 
and in my opinion it should not then ever be 
omitted. 

(a) When small quantities of albumen 
are detected, it rather intensifies than dim- 
inishes the true albuminous haze, though it 
may not coagulate it :i while on the other 

1. I have proved by experiment^ that when a 
trace of purified albumen^ or a small portion of 
albuminous urine, is added to normal urine, and 
precipitated by the test, papers, the opacity is 
slightly intensified by heating, and does not 
always coagulate, as albumen does when present 
in larger quantity. 
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hand, any nrates which may have been 
likewise precipitated will vanish. In work- 
ing for traces of albumen — such as generally 
exist in gouty urine — it is easy to prove the 
superiority of first using the albumen 
precipitant and then heating, over the com- 
paratively imperfect search effected by 
boiling only. An albuminous urine is mixed 
with a non-albuminous one, until boiling 
fails to precipitate any albumen : to a portion 
of this mixture the test papers are added, 
and the haze is warmed, when the opacity 
— slight though it may be — ^is obvious when 
placed by the side of the boiled urine. 

(b) When albumen is precipitated beyond 
mere traces, it causes the opacity to collect 
quickly into coagula, which mass together 
and float up bodily like clotted cream to the 
surface — ^leaving the urine transparent, or 
only slightly opaque from a trace of albumen 
that will not coagulate by heat A better 
rough notion of quantity can thus be ob- 
tained on the spot, than from the density 
of the precipitate. 

(c) Heat is likewise a reliable safeguard 
against the fallacies which may now and 
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then arise from the precipitation of urates, 
alkaloids, and peptones. 

The Mode of Heating, At the bed-side 
cleanly heating or boiling is best effected 
by either of the following ways : — 

(a) A long wax match, or taper, or candle 
— the tube being held just above the tip of 
the flame, when smoking of the glass will be 
entirely avoided. 

(h) A small glass-stoppered phial contain- 
ing spirit : and a cork perforated by a metal 
tube, which carries the wick — the latter being 
inserted each time heating is required.^ 

Resume. — A precipitate induced by any of 
the test papers is albuminous in at least 
ninety-nine cases out of the hundred : and is 
positively so in all cases, when it does not 
vanish with heat. In practice the only fal- 
lacy against which the observer should be 
always on his guard is the opacity due to 
urates, which quickly clears up with heat, or 
is avoided by diluting the urine prior to test- 
ing. 

1. This convenient arrangement is followed in 

the urinary cases devised by Mr. Hawksley for 

qarrying the test papers and apparatus. 

D 
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VII. The Selection op Test Papebs. 

The first matter to be decided is : should 
preference be given to the single or the 
compound papers ? The use of the acid and 
of the reagent apart has undoubted ad- 
vantages over that of the combination of 
them in one paper, such as the following : — 

(a) Any precipitation of urates, of oleo- 
resins, or of mucus, induced by the acid, 
can be readily detected, before proceeding 
to test for albumen by the reagent paper. 

Then again, v^hen the urine is turbid from 
phosphates — not at all an uncommon circum- 
stance — it can be readily clarified by the 
use of the citric paper. 

(b) The reaction is quicker. 

(c) Those who prefer Heat as the reagent, 
will find the citric paper convenient for the 
solution of precipitated phosphates. But I 
think it will be found the best to use the 
test papers first of all in the search for albu- 
men, because they precipitate all modifica- 
tions of this body (see p. 4D) ; then the 



48 

observer, if he wish to do so, may differen- 
tiate serum albumen by Heat, when the 
solvent power of the acid paper may be 
called in. Alkaline albumen may likewise be 
sought for by Heat aided by the previous use 
of the citric paper ; and acid albumen may 
also be precipitated by it after neutralizing 
— care being taken not to alkalinize — the 
acid by means of the carbonate of soda paper, 
(see p. 79). The separate use of these 
papers, therefore, enables the observer to 
utilize Heat, not merely as a detecter of 
serum albumen, but as a discriminator be- 
tween the three modifications of albumen. 

I therefore prefer to use the reagent paper 
apart from the acid one. 

Then, it may be asked — ^as I have fre- 
quently been — which of the four test papers 
should be selected as the best ? It is very 
difficult to form an opinion when all do their 
work with much the same efficiency. In, 
however, giving my preference, I am but 
expressing the gist of the opinions of others 
which have reached me. The Picric paper 
should be eliminated as the weakest member 
of the series. The rest are clinically of 
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nearly equal value, but of the three, I 
would, upon the whole, decide in favour 
of the Potassio-mercuric iodide and the 
Ferrocyanic papers. The latter, by just 
over-stepping the albumen detecting power 
of Nitric Acid and Boiling, possesses the 
great practical advantage in ordinary work 
of merely compassing one's accustomed area 
of clinical experience of albuminuria; and 
the former — though a useful every day test 
— may prove now and then specially help- 
ful in the study of particular cases, (see 
p. 45). The reader will also bear in mind 
that, of all the tests now in use for the 
detection of albuminuria, the Ferrocyanic is 
the least liable to fallacies : for, on applying 
it, one has only to be on one's guard against 
the precipitation of urates. 
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VIII. The Clinical aspects op the 

MOST SENSITIVE ALBUMEN PRECIPITANTS 

(Mercuric, Picric, and Tunqstate). 

Though the presence of albumen in the 
urine is always of pathological significance, 
the clinical importance of the traces so fre- 
quently brought to light by the delicate tests 
has yet to be determined ; probably in the 
majority of cases it will be found to be 
small. I am, however, led by clinical ob- 
servation to regard the most sensitive 
albumen precipitants as specially fitted to 
aid enquiry in such directions as the follow- 
ing:— 

(1) Albuminuria of Oout, — The liability 
of the gouty to irritation of the urinary ap- 
paratus, from the convoluted tubules of the 
kidneys to the end of the urethra, is well 
known; and the occasional or intermittent 
detection of albumen in gouty urine by Heat 
or Nitric Acid is not an uncommon observa- 
tion. But the very much more frequent, 
though perhaps not invariable, presence of a 
trace of albumen, as shown by these delicate 
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tests, in such cases, is to me a revelation. It 
is true it is only now and then proved by 
the microscope to be of renal origin, and in 
the majority of cases, it is only due to a 
small portion of pus, which mingles with the 
urine as it passes over the irritated urinary 
mucous membrane. In itself it is, therefore, 
of but littie moment : but though not 
generally giving rise to symptoms, it points 
to the advisability of putting a new condi- 
tion — ^such as solvent waters — ^into the ex- 
istence of the gouty (who should be 
regarded as a variety of the species homo) 
and then possibly the development of the 
more important renal disease to which it 
might lead, may be postponed or prevented. 
Then again, may not this microscopic form 
of albuminuria— the tell-tale of gouty blood 
— ^be utilized for diagnostic purposes ? 

(2) Albuminuria from disturbances of the 
renal circulation, as in heart disease, &c. I 
have sometimes found albumen, not other- 
wise to be accounted for in such cases, when 
Heat and Nitric Acid failed to bring it to light. 

(3) The albuminuria of adolescents, which, 
according to Heat and Nitric Acid, is so apt to 
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be intermittent. More watchfulness in the 
treatment, and more satisfactory results may 
follow the guidance of the more sensitive 
tests. 

(4) The complete removal of all traces of 
albumen from the urine during . convalescence 
from acute renal dropsy, must be a point 
of great practical importance, especially 
with the view of preventing chronic renal 
disease, which may otherwise supervene 
years afterwards. 

(5) Every case of Brighfs disease does not 
become established all at once ; it has a 
beginning in a slight departure from normal 
non-albuminous urine. Can any one say 
how often does concretionary irritation of 
the kidneys, which may induce traces of 
albumen not recognisable by Nitric Acid 
or Boiling, merge into chronic renal disease ? 
It is only the systematic examination of the 
urine in all cases — the apparently healthy as 
well as the unhealthy — that enables one to 
pick out here and there the kidneys that are 
gradually becoming impaired : though there 
may be no other sign of the fact than the 
mere trace of albumen brought to light by 
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these sensitive tests. It is true Nitric Acid 
or Boiling may, perchance, detect the al- 
bumen when it rises in quantity, so as to 
come within the range of these tests — as it 
does occasionally; but such an occurrence 
may not be caught, while the smaller 
quantities of albumen, which the more 
delicate reagents can demonstrate, are 
much more frequently present. 

Then again, these tests may be now and 
then usefully employed in determining the 
slight and intermittent albuminuria of the 
early stage of the cirrhotic and amyloid 
kidney. 
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Note. 
The Forms of Albumek and Peptones. 

(a) The forms Albumen. 

Albumen as ordinarily met with in the 
urine is serum albumen ; and, like that 
which exists in the blood, it is coagulable 
by Heat. In some urines, however, it is 
associated with an alkali, and in others with 
an acid : then it is no longer thrown down by 
Heat alone. But these compounds of albu- 
men, as well as serum albumen, are coagul- 
able by Nitric Acid, and by all the test 
papers ; the latter, therefore, cover the same 
ground as the acid. (See table p. 53). 

Then there is Bence Jones' albumen, 
which, judging from its properties, appears 
to stand midway between serum-albumen 
and peptones. 

Is there any practical advantage to be 
derived from discriminating between these 
modifications of albumen ? Inasmuch as the 
alkaline and acid forms of it are in all 
probability merely serum albumen accident- 
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ally associated with an alkali and an acid re- 
spectively, is it necessary, clinically, to 
differentiate between them? Is it not 
better and safer,* to use first of all one of 
the albumen precipitants that throw down 
all forms of albumen alike; and then, if it 
be thought necessary to enquire into the 
form in which albumen exists in the urine, 
to appeal to Heat ? 

{hj Peptones, 

In 1852' Mialhe asserted that digested 
albumen (the peptone of Lehmann) may ap- 
pear in the urine ; and since then the obser- 
vation has been confirmed by several trust- 
worthy clinical observers. Chemists have 
distinguished several forms o f the soluble 
and diffusible proteids which pass under the 
generic term 'peptones ': but little is known 
as to whether one or several varieties of 
them may be met with in the urine. The 

1. I say ' safer ' because if heat be chosen as the 
precipitant of the albumen, acid, or alkaline albu- 
men, even in large quantity, will remain unde- 
tected : and to meet this possibility, it will still be 
necessary to use Nitric Acid, or the other tests. 

2. L' Union Mddieale, 1852. 
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following general chemical properties isolate 
them as a family group. (See table p. 58). 

(1) Non-pi:ecipitation by Heat, Nitric Acid, 
or by the Ferrocyanic test.^ 

(2) Precipitation by the Picric, Mercuric 
and Tungstate tests ; solubility of the 
precipitate by heat below the boiling 
point; and re-appearance of it as a 
diffused opacity as the solution cools.2 

1. The body described by Meissner as A-peptone 
is " precipitated from its aqueous solutions by con- 
centrated Nitric Acid and also by Potassic Fer- 
rocyanide in the presence of even weak acetic 
acid." But this^ as well as Meissner's B-peptone^ 
are probably not peptones at all. See A Text-hoolc 
of Physiology by M. Foster, M.D., 1883. 

2. For ' home ' testing the reader will doubt- 
less bear in mind the cupric reactions of peptones 
in the presence of a strong solution of caustic 
potash: Yiz,, 

(a) A rose or pink tinted (not the mauve 
coloration from albumen) zone on super-posing 
a layer of the peptonous urine or Fehling's solu- 
tion (Dr. Italfe, British Medical Journal, p. 662, 
vol. i., 1883). 

(6) To a drachm or two of peptonous urine 
add a drop of honey or solution of glucose, then 
a drop or two of solution of copper, and finally 
Liq. Potassffi : then instead of the blue colour 
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Since the appearance of the first edition 
of this publication (June, 188S) I have met 
met with three cases of peptonuria : two of 
which were associated with albuminuria. 

The table on the opposite page gives the 
pith of my observations on peptonous urine 
— derived from digesting albuminous urine 
— and on the mixture of peptonous with 
albuminous urine: and on the forms of 
albumen. 



becoming more intense, it will assume a rich 
purple tinge, which on boiling will change to a 
yellow colour without any deposit of the suboxide 
of copper. (Dr. Dalton first noted this reaction 
with albuminose. American Journal of the Medical 
Sciences, Oct., 1854; and A Treatise on Human 
Physiology), 
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CHAPTER III. 



QUANTITATIVE ALBUMEN. 



I think it will be generally admitted that 
we are much in need of some ready method 
by which the quantity of albumen may be 
accurately determined at the bedside, or in 
the course of clinical work. The albumen 
test papers have suggested to me several 
simple procedures, which promised to supply 
this desideratum; but I will describe only 
one of them, because it surpasses the others 
in the desirable working qualities of simpli- 
city, quickness, and accuracy. 

In the first place, it is necessary to select 
a standard of opacity, which represents a 
known per cent, of albumen, and then to 
apply it as the means of determining un- 
known quantities. 
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I. The Standabd. 

When the test papers are dropped into a 
solution of pure serum albumen of known 
per cent., and when thereby all the albumen 
present is precipitated, the density of the 
opacity produced is seen to vary with the 
precipitant: being greater, for example, with 
the Potassio-mercuric iodide than with the 
Ferrocyanide. This fact is best shown by 
viewing printed matter through the milky 
fluid contained in flattened test tubes of uni- 
form thickness (see p. 124): when it will 
be seen that the different turbidities induce 
proportionate degrees of blurring of the 
letters. 

The test papers, however, cause an equal 
amount of opacity when a certain per cent, 
of albumen is presented to each kind : e.g,^ 

■^ p.c. to the Potassio-mercuric iodide. 
-J- p.c. „ „ Potassium Ferrocyanide. 
\ p.c. „ ,, Sodium Tungstate. 

It is this mniform opacity — representing 
these several per cents, of albumen with the 
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different test papers — ^which I select as the 
standard. The starting point of the method 
is, therefore, derived from known propor- 
tions of serum albumen, and not from 
theoretic data, such as calculations founded 
on the variously estimated atomic weight 
of albumen, &c. 

The standard opacity has been fixed with 
some care. Several solutions of different 
strengths of pure serum albumen were made 
— the albumen having been dissolved as 
albuminate of potash. After precipitation 
of all the albumen by the test papers, the 
dilutions required by the different tests were 
made, when all the observations confirmed 
the uniformity of the opacity thus provided. 



II. How IS THE STANDARD PER CENT. 

Oraoitt made available ? 

I have found two ways open to this end. 

1. In the first instance, I discovered 
that the perishable albuminous opacity could 
be exactly imitated by precipitating hy- 
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drated alumina by means of {uzimonia fron^ 
chemically pure- alum^ This aluminous 
precipitate closely resembles the albumin-* 
ous on© — for the eye cannot distinguish 
between the- two — and the opacity it 
furnishes keeps uniformly diffused for a1( 
least five or ten minutes. It provides— 
when properly graduated — a permanent subs-* 
titute for the albuminous standard ; and the 
two contained in flattened tubes of the same 
thickness, then produce an equal amount of 
blurring when placed over printed matter.^ 

2. Lately, however, I have succeeded 
in dispensing with the permanent standard 
in the fluid f oroa : and, inasmuch as T obtain 
results almost as good without it, I am in- 
clined to discard it. A ready means of 
defining the limit of the selected standard 
is provided by a piece of opaque glass 

1. It is of course important^ that the opaqne 
fluid providlzLg the permanent standard should be 
preserved in a tube having exactly the diameters 
of the flattened quantitative test tube (see p. 124). 
Anyone who cares to use it^ can procure it> sealed 
in short flattened tubes of the required thick- 
nessj, from the vendors of the te^t pa^em. 

E 
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possessing exactly the required degree of 
opacity. This is fixed over half the printed 
lines on a card : the other half being left 
uncovered, so that the observer may view 
the printing through the flattened tube (see 
p. 124) containing the albuminous opacity 
and compare it with that blurred by the 
glass. 

After the precipitation of -J^ or ^ p. c. 
solution of pure serum albumen with the 
Potassio-mercuric Iodide paper in the flat- 
tened tube, on placing immediately behind 
it the card on which the red and black lines 
of various thicknesses are printed (see p. 
125), the red lines are more blurred than 
the black ones, and are scarcely distinguish- 
able from each other ; but on repeating the 
experiment with -jJ^p. c. of albumen, they are 
just discernible : and that is the degree 
of blurring provided by the opaque glass. 
Allowing for individual differences of per- 
ception, I am satisfied that any observer can 
in this way quite readily distinguish between 
the opacities of ^ and -^ p. c. Therefore, 
the margin of possible error to which this 
mode of observation is liable, cannot well ex- 
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ceed the mean between '12 and 1 ; and in 
determining each per cent, of albumen, this 
does not allow of a greater variation than '1* 



III. The Principle op the Method. 

All the albumen in a measured portion 
of the urine is precipitated by one of the test 
papers, and then, when the opacity pro- 
duced exceeds either the permanent liquid 
standard or the limit provided by the opaque 
glass, water is added until the standard 
per cent, of albumen can be recorded. The 
data for determining the quantity of albumen 
in the urine under examination are, (1) the 
number of times the volume of the urine has 
been increased by dilution, and (2) the 
known value of the standard according to 
the test paper used; and the calculation 
merely consists in multiplying them together. 
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IV. 

The Sblbotion of the Pbeoipi'^a:nt, 

I am inclined to think the Potassio-mer- 
curic Iodide is the most suitable paper for 
this quantitative method. It has, besides, 
the advantage over the others of providing, 
without calculation, the amount of albumea 
per cent, in decimal points : for instance, if 
it be necessary to increase by dilution the 
volume of the urine five times, the amount 
of albumen will be *5 per cent. 



• V. The Mode op Testing. 

The exact dimensiona and shape of the 
test tube are of as much importance in ac- 
curately applying this quantitative method; 
as is the degree of opacity of either the 
^Liquid staskdard, or of the milky glass, which 
provides the limit to the estimations. The 
tube to be obtained for this purpose is flat- 
tened, possesses a uniform internal thickness 
of fin., and is provided with 20 graduations 
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of 10 minims each.^ Twenty minims of urina 
are poured into it ; then the test papers 
are dropped in,* and the contents of the 
tube are shaken, or are made to oscil- 
late up and down the tube while the 
thumb is held over the mouth for about a 
minute, when all the albumen will be pre- 
cipitated. If the opacity completely obscures 
the printing, dilution may proceed pretty 
freely, until it is seen that the limit is 
being approached : then the papers are 
extracted by the metal clip, and water is 
added with some care — not more than 10 
minima at a time. After each addition 
liie printed card is placed close behind 
the tube, and, when the lines are obscured 
to the isame degree as by the opaqtPe glass, 
the proceeding is at an end. I have 
frequently observed that the last step 
can be reached by the further dilution of 
merely 10 minims, which r^resents only 



1. This tube is supplied by the vendors of the 
test papers. (See p. 124). 

2. If the urine is known to be pretty strong^ly 
albuminous^ it is a good plan to dilute the mea- 
sured portion of it to twice or three times =ibB 
bulk^ before adding the test papers. 
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*05 p. c« of albnmen ; and in case of doubt 
as to whether the limit has been reached, 
the addition of this small quantity of water, 
will, as a rule, resolve it. Just as each ob- 
servation is being made, the thumb should be 
placed over the mouth of the tube, and the 
contents should be gently mixed up without 
frothing them : the uniformity of the opacity 
will thus be secured. 

If on diluting to 200 minims (the limit of 
the scale provided by the test tube) the 
opacity still over-blurrs the printing, 100 min- 
ims should be removed, and dilution should 
proceed either as before (i.e., by adding 20 
minims at a time) or by steps of 10 minims. 
Of course now the latter — not 20 minims as 
at first — represent the standard value. 

If the observer prefer to commence with 
a larger quantity of urine than 20 minims — 
e.g.^ 40 — the dilutions which are to represent 
the per cent, value of the standard should 

be of course of the same volume (40iii). 

« 

When the limitation provided by the 
printed card has been reached, the calcu- 
lation of the albumen becomes an easy 
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matter — for the number of times the volume 
of the urine has been increased by dilution 
represents so many standard values per cent, 
of albumen : e.g.y on using the Mercuric 
test paper, if it is found necessary to dilute 
the 20 minims of urine to 180, the quantity 
of albumen is -9 p. c; 20 minims of urine 
with the Ferrocyanic test, requiring dilution 
to 180 minims, contains 1\ p. c. 

The printed card carrying the opaque 
glass, or the alumina standard opacity, is 
also a useful companion at the bedside 
when only small quantities of albumen are 
met with : for by using either, in the or- 
dinary qualitative testing the observer at 
once can readily and definitely decide the 
amount; when, for example, the printed 
lines are too clearly discernible through the 
opacity, the Mercuric test paper having been 
used, the proportion of albumen is below 
^ p.c. ; or when the estimation merely 
requires the urine to be diluted to twice 
or three times its bulk, it is ^ or -^^ p.c. 
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VI. The <iTJANTITATIVE VALUE OP 

EACH Test Papee. 

On submitting 20 minims of urine to ex- 
amination, the quantitative range of a Ferro- 
cyanic or Tungstate paper is at least 4 per 
cent, and that of a Potassio-mercuric iodide, 
now to be supplied, 3 per cent. Inasmuch as 
these large proportions of albumen are only 
quite exceptionally met with, one test paper 
will therefore, cover all the ordinary amounts, 
and the observer will only rarely require to 
use a second. 



VII. The Quantity of Albumen. 

As a rule albuminous urines contain less 
than 1 p.c. ; only now and tbein the amount 
rises to 2 p.c. ; and it is 4:>ut a rare obser- 
vation to find more than flrom 2^ or 3 to 4 
p<c. The proportion in blood-serum is only 
about 5 p.c. : a&d, when the urine contains 
this large amount, boiling completely solidi* 
fies it. The general impression as to albumen 
appearing in the urine in larger quantities 
than these is groundless. 
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VIII. The Daily Amount of Albumen 

Discharged. 

As with other quantitative estimations of 
urinary constituents, so with this, it is the 
determination of the per cent, in a portion 
of the urine of the whole day, and the 
total amount thrown out during twenty-four 
hours, that is clinically of most importance. 
When the urine examined is part of the 
daily yield, and the latter has been measured, 
it is not diflBcult to arrive at the total daily 
loss of albumen in intelligible figures, for it 
is only necessary to multiply the per cent by 
5 to arrive roughly at the number of grains 
to the fluid ounciB ; e.^., albumen -6 p. c, the 
24 hours urine 40 oz., (-6 x 5 *< 40) = 120 
grains daily discharge of albumen. 



IX. Estimation of the Albumen 
Br the Round Test Tube. 

The smaller of the two round tubes (see p. 
127) is available for this quantitative method. 
The results it provides, though not so precise 
as those afforded by the flattened tube, are 
gauged in the same way — each dilution re- 
quired representing the same standard value. 



66 



CHAPTER IV. 



THE 

QUALITATIVE ESTIMATION OP 

SUGAR. 



I. The Detection op Suqab by 
Means op Test Papers. 



All the reagents employed as tests for 
sugar are either caustic alkalis, or bodies 
which must be associated with an alkali ; 
but in the latter cases it is by no means 
necessary to use a caustic alkali. I have, 
for example, proved by experiment, that 
carbonate of soda will work quite satisfac- 
torily with Mercuric cyanide, Picric acid, and 



67 



Indigo-carmine.^ I have used all these tests 
in the form of test paper with good and re- 
liable results : but the Carmine has appeared 
to me not only the best adapted to this mode 
of observation, but the least open to fallacies. 
(See pp. 96 — 100). Since bringing this test 
paper forward last May, my experience has 
corroborated my first impressions of its use- 
fulness and reliability as a test for sugar in the 
urine, and of its applicability to bedside work : 
and its capacity to provide without loss of 
time approximative quantitative information 
in the course of clinical observation, is a 
further recommendation. 



1. In the case of the IndLgo-carmine test 
carbonate of soda must be used instead of a 
caustic alkali^ which discarges the blue colour, 
even in the absence of a reducing agent, such as 
glucose. (See p. 100). 
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II. IKDIGO AS A TEST FOR GLTJOOSE. 

When casting about for a good and at the 
same time convenient test for sugar in the 
urine, I was particularly struck with a fact 
relating to Indigo ; and that was the 
presence of this intensely blue substance in 
a colourless state, when associated with 
glucose or some similar sugar ; for instance, 

(a) When in the sap of living plants (In- 
digofera and others) it is combined with In- 
diglucin, (CgHiyOg) which has a chemical 
formula not far removed from that of Glu- 
cose (CeH^^Oe).^ 

(b) When the dyer mixes Indigo with 
grape sugar and dilute caustic alkali to pro- 
duce a colourless solution in which to im- 
merse his fabrics, which acquire a blue 
colour on exposing them to the air, and 

(c) When Indigo appears in normal and 
pathological quantities in the urine, it does 

1 In^iglacin in some of its properties resembles 
glucose ; for instance^ when heated, it gives off 
an odoar of caramel, it also reduces cuprous oslde 
from an alkaline cupric solution, and the metals 
from the salts of silver, gold," &c. It does not, 
however^ ferment with yeast — ^it only turns acid. 
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80 — according to Schunk — in the form 
of colourless Indican : a substance which, 
moreover, as just stated, exists in the woad 
and other indigo-yielding plants. When 
this compound is broken up, it is supposed 
by Schunk, that on the one hand, Indigo- 
blue (Indigotin), or its isomer, Indigo-red 
(Indirubin), and on the other, Indiglucin, 
are set free, according to the formula — 

C^eHg^NO^, X 2H,0=C3H,NO x 3CeH,,0e 

(Indiccatt) (Indigo-blue or red) (IndiglueinJ 

Almost every clinical observer must have 
met with ammoniacal urines tinted blue, or 
violet, or reddish violet ; such urines are 
jM-obably good examples of this reaction ; 
the blue tint arises from free Indigo-blue, 
and the violet one from a mixture of the red 
with the blue isomeric forms of Indigo — ^but 
the source of this colouring matter must 
in all cases be referred to the colourless 
Indican, a normal constituent of the urine, 
which is apt to be split up into Indigo-blue 
or red, and Indiglucin. Therefore, it would 
appear according to Schunk's investiga- 
tions, that Indigo associated with a sugar, 
passes from the system in the urine uxu- 
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recognised, because it is thus deprived of its 
colours (blue or red), and it only becomes 
evident to us when disassociated — the 
Indican being split up. 

It then appeared to me a reasonable ques- 
tion to ask, Can glucose in the urine be 
made in some way to discharge the deep 
blueness of Indigo, and thus to tell the tale 
of its presence? Experiment gave a posi- 
tive answer: for when Indigo was sus- 
pended — it did not dissolve — ^in a weak 
solution of soda, or in a stronger one of 
carbonate of soda, a test solution was ob- 
tained, which, when heated with a few 
drops of diabetic urine, underwent a series 
of remarkable changes of colour — from 
blue to green, then to violet, to red, and 
finally to yellow. I longed to run the 
liquid containing carbonate of soda and 
Indigo into filtering paper, and use it as 
a test paper; because, with carbonate of 
soda as the alkali, the test papers would 
have been more durable than with the solu- 
tion of soda. But unfortunately, after de- 
position on the paper, the Indigo would not 
leave it. 
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III. The Alkaline Indigo-Oaeminb 

Test. 

My attention was directed to the use of 
Indigo-carmine as a test for glucose by a 
paragraph in a work by M. Mehu, which 
stated that when the Carmine of Indigo is 
heated with carbonate of soda, and a solu- 
tion of glucose or saccharine urine, the 
blue colour is converted gradually into 
green, then into red, and finally into yellow.^ 

Carmine of Indigo is the sulph-indigotate 
of sodium — a salt intensely blue and soluble 

1. L* Urine, par Dr. C. M6hu. Paris, 1880. Since 
the above was written. Dr. Salfe has shown me a 
passage to the same effect, in Nenbauer and Y ogel 
p. 73 (Sydenham Society) which I had not pre- 
viously seen. These authors refer to Mulder, who 
appears to have been the introducer of this re- 
agent for clinical purposes. I find no reference 
to Indigo as a test in that invaluable, if not in- 
dispensable record of medical progress — Dr. 
Neale's Digest— or in the works of English au- 
thors, within my reach. 
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(solubility 1 in 120 parts water). Sulphuric 
acid when heated with Indigo produces 
the soluble sulph-indigotic acid, which, after 
combining with a base (such as sodium, cal- 
cium, magnesium, &c.), provides us with 
Indigo as a reagent in a perfectly dissolved 
state. When carbonate of soda is mixed 
with a solution of the Carmine the latter 
is precipitated in a fine state of division; 
when freshly made and shaken this mixture 
may pass for a solution much like that of 
Fehling in colour and general appearance. 
A perfect solution of a greenish blue tint is, 
however, obtaiued on heating the liquid. 
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IV. The Test Papers Possess Advan- 
tages ovEB THE Solution op Indigo- 
Cabmine. 



The mixture of the Indigo-carmine and 
carbonate of soda in water, undergoes a 
gradual change, which renders the test 
useless ; the rich indigo blue slowly gives 
place to a faded pale green. The test in an 
aqueous form, is, therefore, not available 
unless the constituents are kept apart as two 
solutions. The inconvenience of doing this 
is obvious, but it is surpassed by that which 
arises from the necessity to use on every 
occasion exactly the same porportions of the 
Carmine and the alkaline carbonate, other- 
wise — as I have frequently observed — the 
results of the testings are not comparable. 
The liquid preparation of the test is valueless 
as a clinical instrument, and its grave de- 
fects must have speedily led to its disuse. 
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The test papers, however, not only meet 
these disadvantages, but amplify the powers 
of the test. 

(a) Every paper is charged with the same 
definite quantity of the reagents; it thus 
provides a uniformity for the qualitative 
testing, which also, becomes a standard of 
known value for the quantitative estimation. 
An additional range of sensitiveness is, more- 
over, provided by the paper containing a 
unifoi^m charge of carbonate of soda, when 
used with the ordinary test papers. 

(b) The paper furnishes a perfectly trans- 
parent^ alkaline solution of the sulph-indigo- 
tate, and all the reagent with which it is 
charged becomes completely reduced by the 
sugar, so that in the quantitative estimation 
the colourlessness of the paper as well as 
that of the solution will be found tc^ be the 
guide as to the termination of the completed 
reaction. When the liquid preparation is 
boiled it assumes a greenish colour : M^hu, 

1 A clear solution cannot be obtained from 
the papers heated in the London or other hard 
drinking water. The characteristic re-actipn of 
the teit ifl^ however^ precisely the same. 
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Neubauer, and Vogel are, therefore, incor- 
rect in giving that hue as the first stage of the 
reaction of Indigo-carmine with grape sugar. 
On the other hand, when heat is applied to 
the test papers in water, a fine true blue solu- 
tion is obtained, much resenibling Fehling; 
and- no amount of boiling will induce a green 
tint — even though saccharine urine be added. 
Unlike the solution, the test paper, therefore, 
provides a clean start for the testing: so 
that the urine to be examined may, with 
some saving of time, be added before heat is 
applied, and the first change of colour, which 
after ebullition graduallj appears, ,can . be 
safely taken as the earliest step in thd 
reaction. 

{c) "(he stability of the test papers is 
beyond question. The constituents, being 
dry, remain unchanged ; and, when dissolved 
out of the paper, they furnish a freshly 
prepared solution at each observation. 
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V, The Reaction. 

The characteristic reaction which indicates 
the presence of glucose in the urine, arises 
shortly — e.g. within a minute — after the first 
simmer of the solution prepared from the 
papers, a drop, or at most two of diabetic 
urine having been added before the heating. 
Then a beautiful violet tint suddenly spreads 
throughout the bright-blue solution; very 
quickly the violet deepens and passes into 
purple; this in its turn melts into reddish- 
purple, which gives place to various tint3 of 
red, and these as quickly merge into orange- 
red and orange, and finally the solution 
becomes of a straw colour, which remains 
without further change, though heated ever 
so long. At this point the paper assumes 
the same light-yellow colour as the liquid. 
The complete range of this striking colour 
reaction embraces all the prismatic colours 
except green, and the order of the appear- 
ance of the successive hues is always the 
same. The reaction is one of great beauty ; 
for the primary colours are not merely pore 
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and sharply defined, but all the transitional 
and intermixed tints pass quickly before the 
eye in such rich profusion as one rarely 
sees in nature herself. Now, on shaking the 
tube the colours return in the inverse order 
to that in which they appeared. This re- 
markable thing is not due to coolingj but 
to admitting the oxygen of the air Into the 
liquid ; for the various hues at any stage of 
the reaction may be caught and retained for 
days, merely by corking the tubes full of 
the solution, and the return of the colours, 
when the test tube is at rest, always appears 
first at surface, and slowly spreads down- 
wards — so slowly that after putting the 
solution aside for some hours, at least the 
lower half will still retain its acquired colour.^ 

1. Inasmuch as the return of the colours is 
clearly due to oxidation, it wiU probably be safe to 
presume that the re-action of glucose on iudigo 
blue is a process of deoxidation. The first stage 
of the reaction is pretty clearly the conversion of 
the blue into the red isomeric form of indigo — 
hence the shades of violet, purple and red ; and 
just that small amount of glucose can be added 
so as to secure only these steps of the reaction. 
The second stage is the gradual merging of red 
into pale yellow — ^the colour of indigo-white when 
dissolved in aqueous alkalis. 
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Experiment has shown that the tint 
reached in any particular observation de- 
pends on the quantity of glucose added to 
the test liquid — e.^., the reaction may stop 
at violet, purple, red, &g., and when it thus 
halts, it can easily be made to proceed to 
the %al stage by adding more of the 
glucose charged urine — ^the liquid the while 
being kept hot. This suggests a principle 
on which to found a quantitative analysis. 
The method I employ is a very simple one ; 
it is based on the complete removal of all 
thd colours below the pale yellow : and on 
the scale of colours when the quantity of 
sugar is small (e.^., below 5 grains to the 
otiiicd). 
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YL Ths Cabbokatb of Soda 

Papebs. 

Test papers charged with a saturated 
solution of Carbonate of Soda are provided 
for the following special purposes : 

1. When hard water is used. I have suo- 
cessfully tested saccharine urine with water 
highly charged witji earthy carbonates, and 
I do not know that the presence of these 
salts will ever prevent the carmine reaction ; 
but, merely as a precautionary measure, I 
suggest the use. of the soda papQr whenever 
the water is exceptionally hard* 

2. Excessive acidity of the urine. Tho 
reader will bear in mind that die acids of 
the urine rob the oannine paper of so much 
alkali: so tiiat the addition of more than 
a certain number of drops of urine-^varying 
of course with the degrees of acicUty-— will 
at first retard and then prevent the reaction.^ 

1. The reaction of solutions of glucose with 
the carmine pax)er alone can be stopped by adding 
certain quantities of urine of average acidity, 
e^., that provided by 40gr8. to the oz. by about 
40 drops of urine; 20gr8. by 20 to 25 drops; 5gr9» 
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Invariably submitting only one drop of sac- 
charine urine to the test paper, and keeping 
up the heating for not less than two minutes, 
I have hitherto always witnessed the charac- 
teristic display of colours without requiring 
to use a carbonate of soda paper : so that I 
am led by observation, to regard the carmine 
paper as complete in itself for the detection of 
glycosuria — providing of course the observer 
uses merely one drop of the urine delivered 
from the pipette held vertically (see p. 81). 
But it may be well for the reader to bear in 
mind that a very exceptionally acid sac- 
charine urine may perchance be met wilji 
which may require also the soda paper. I 
purposely avoided charging the carmine 
paper with more soda than it now possesses, 
because experiment showed me it then 
became too sensitive for a good piactical 
test — one drop of normal urine or of a 
solution of glucose (gr.-^ to the ounce), for 
example, then developing a distinct violet in 
the course of heating for two minutes. 

by 7 drops, &c. : but the reducing power of the 
glucose is again restored on adding a carbonate of 
soda paper. 
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VIL The Mode op Testing. 

1. One of the papers should be dropped 
into the half-inch test tube, and then water 
should be poured in to the 50tn mark ; a 
column of fluid one inch in height and half 
an inch in diameter will thus be produced, 
so that the solution of the carmine obtained 
on boiling will always acquire the same 
concentration. 

2. Heat is now applied (see p. 41), the 
tube being gently shaken, and boiling kept 
up for a second or two. The solution will 
then be quite blue ; and, if the water added 
was soft or distilled, it will be perfectly 
transparent. Any turbidity observed will 
arise from the use of hard water : in which 
case a carbonate of soda paper should be 
dropped into the solution. The test paper 
may now be removed, or it may be allowed 
to remain. 

3. Not more than one drop^ of the sus- 

1 . The pii)ette when held vertically will deliver 
drops of nearly equal size, i.e., about half minim. 
But, if the drop is allowed to fall from it in a 
slanting position, it will be larger, and more Uable 
to variation in size. 
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pected urine is let fall into the tube from the 
pipette, held in an upright position. 

4. The contents of the tube are again 
freely boiled for a few seconds : then the 
tube should be raised an inch or two above 
the flame, and held without shaking, while 
the solution is kept quite hot, but without 
ebullition, for exactly one minute by the 
watch. If glucose be present in abnormal 
amount, the soft rich blue will be seen first 
of all to darken into violet : then, according 
to the quantity of sugar, there will appear in 
succession, purple, red, reddish yellow, and 
finally straw-yellow. When the last named 
colour has been developed, the observer will 
find the slightest shaking of the tube will 
cause red streaks to fall from the surface, 
and to mingle with the pale yellowness of 
the solution ; and further agitation will of 
course cause the return of purple and violet, 
and the restoration of the original blue. 

The time required for the commencement 
of the reaction after the boiling of the test 
liquid, varies in inverse proportion to the 
amount of glucose present : when the latter 
is large — e,g,, over 20 grains to the ounce— 
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it will extend only to a few seconds; but 

when small — e.g,^ from 2 or 3 grains to the 

ounce — from thirty to sixty seconds may 
elapse. 

If the urine do not contain more than the 
normal amount of sugar — t.e., under half a 
grain to the ounce — ^the colour of the so- 
lution at the end of the heating for one 
minute, will be unchanged. 

Care should be taken during the observa- 
tion not to shake the tube, or to keep up free 
ebullition. There is besides another precau- 
tion against which the observer, who has no 
practical experience of this test, should be 
warned : while keeping the contents of the 
tube hot, he should not hold the latter up 
between his eyes and the sky — ^f or then the 
early colour changes will probably escape 
observation; but he should keep it below 
the eye-level, and view its contents by the 
reflected light of some bright object, such 
as a sheet of white paper propped up an 
inch or two beyond the tube, as a back- 
ground. 

The test is as available by artificial as 
it is by daylight. 
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VIII. The Results of the TESTma 
BY THE Side op Feeling's Solution. 

In applying the test papers to different 
urines, I took Fehling's solution as my 
guide, because it is the best glucose test. 

The results of the working of the two 
side by side were briefly as follows* : — 

(a) On always submitting one drop of 
urine to the Indigo test, and the presence of 
sugar being shown, confirmation was in- 
variably provided by Fehling used in the 
ordinary way. 

(h) On the other hand, whenever one 
drop of urine gave no reaction with the test, 
Fehling's solution did not give the cuprous 
precipitate. 

1 . In all the numerous observations from which 
these results were drawn^ the test paper contained 
its constituents mixed together^ and not kept 
apart by a layer of rubber (see p. 112) ; and heat 
was applied for one minute only. I state these 
points^ because the duplex paper is more sensitive 
than the other^ and the exact time given to the 
heating is important. 



85 

(c) On, however, taking more than one 
drop of urine a different kind of expe- 
rience was opened up. Then with various 
urines a violet or purple tint would 
strike up on the addition of the second, 
third, or more drops, and Fehling em- 
ployed in the usual way gave negative 
results. But I am inclined to think in the 
cases in which from two to four drops 
developed the partial reaction, that Fehling, 
when applied as follows, showed a change 
which suggested the presence of a very 
minute quantity of sugar. The urine — 
either in its normal state or decolourized by 
animal charcoal — and the solution were 
mixed in equal proportions, and, it being 
found the true blue remained intact — not 
having been turned to green by an excess of 
the yellow urine — ^heat was applied, when 
though no precipitate was visible, the blue 
quickly turned to a decided olive-green tint, 
contrasting strongly with the pure blue of 
the solution held by it in another test tube. 
In the majority of such instances the trans- 
parent green became muddy, either in the 
act of boiling, or in a few minutes, but, even 
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then, the clear supernatant liquid, after the 
subsidence of the precipitate, was of the same 
green hue, while the others remained free 
from turbidity. Bj adding mere traces of 
glucose, or small quantities of diabetic urine 
to normal urine, I have repeatedly tried 
to reproduce these results with Fehling, but, 
whenever a reaction was induced, by how- 
ever small a quantity of glucose, I could 
never secure a permanent transparency of 
the green colour, for, either while the boil- 
ing was proceeding, or during cooling, it 
invariably became milky. I can, therefore* 
endorse the statements of Dr. Wm. Roberts 
respecting the detection of small quantity of 
glucose in the urine. ^' The copper solution 
having been heated to ebullition, and some- 
thing less than an equal bulk of the sus- 
pected urine having been added, the mix- 
ture is again raised to the boiling point. * 
* * If the urine contains less than half 
a grain per cent, of sugar, the precipita- 
tion does not take place immediately, but 
occurs as the liquid cools, in five, ten, or 
twenty minutes, and the manner of the 
chaAge is peculiar. First, the mixture loses 
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its transparency, and passes. from a clear 
olive- ^een to a light greenish opacity, 
looking just. as if some drops of milk had 
fallen into the tube. This green milky 
appearance is quite characteristic of sugar. 
By this proceeding one- tenth of a grain per 
fluid ounce, or less than one-fortieth of a 
grain per cent., can with certainty be de- 
tected."^ Inasmuch as, according to thesev 
observations, glucose only accounts for the 
green opacity, an explanation of the trans- 
parent green is yet to he found.' The in- 

1. "A Practical Trea4!i8e on Urinary avid Benal 
Diseases, ^c," bj William Roberts, M.D. 

2. I am now inclined to view this obscure 
matter by the light derived from the following 
facts. While proceeding to extract from the 
heart of the ox, kreatin, inosite, and other con- 
stituents of muscular tissue which may appear in 
the urine, I found the clear concentrated solution, 
after precipitation of the albumen and phosphates, 
afforded the characteristic play <^ colours with 
Indigo-carmine, and a green reaction with Fehlingi 
in the latter case, after separation of a green 
tinted opacity, the solution remained for some hours 
olive green and transparent. When the kreatin 
crystallized out and wsi,s re-crystallized, it gave 
no reaction with either test. The mother liquor, 
containing the inosite, still reacted as before, and 
the crystals of inosite dissolved in water, turned 
undiluted Fehling into a clear olive-green sola* 
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tensity of the green reaction (whether milky 
or clear in the cold) was always proportionate 
to the colour change afforded by the Carmine 
test papers : and the urines that gave no reac- 
tion with the latter below the fourth or fifth 
drop, either did not disturb the azure blue of 
Fehling, or merely turned it to a greenish 
blue shade. 



tion^ and reduced Indigo-carmine. Prof. Arthur 
Gamgee remarks that inosite ''does not reduce 
Fehling's solution^ but changes its colour to 
gpreen." (A text-hook of the Physiological Chemistry 
of the animal body, p. 338). Cloetta^ many years 
ago, found that after the subsidence of a g^een 
precipitate, the supernatant liquid became blue, 
and the filtrate was again turned green by heat 
(Watts' Dictionary of Chemistry), This fact I 
have noted with several urines, which, though 
remaining transparent for some time after the 
boiling, let fall a green precipitate over nighty 
and then presented a clear greenish blue appear- 
ance : on, however, heating the transparent 
supernatant liquid, it became again distinctly 
green, but not quite so much so as after the first 
boiling with Fehling. Does inosite in smaU quan- 
tity appear in the urine more frequently than is 
generally supposed ? 
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IX. Thb behavioub of thb Indigo- 
Oabmine, the Oupbio (Fehling's) 
and the plobio aoid tests when 
boiled in the pbesenoe op vabious 
substances. 

A test so little known and understood 
as the Indigo-carmine should be critically 
examined, before it can be safely admitted 
as a clinical reagent by the side of Fehling's 
solution and Picric Acid* In order to obtain 
a preliminary gauge of its position as a 
glucose test for urinary work, I therefore 
boiled each of the following substances 
— ^which are either constituents of the urine, 
or medicines which may appear in that jBiuid 
--"With it and the other tests. 

The substances marked with an asterisk * re- 
duce the Alkaline Picric Solution. 

J. CONSTITTJBNTS OF W»MAL UBINJS. 

a 
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No reaction with Indigo^carmine or Fehling* 
Ubea. Hippubio Aoid. 

•Kkeatin.^ Sulphates. 

♦Keeatinin,* Laotai^s. 
Urates. Oxalates. 

Chloeides.* Ammonia.* 
Phosphates. Butyeio Acid. 
Unoxidized Sulphue. 

1. Kreatinin strikes in a few seconds a red colour 
with the cold alkaline picric solution; the reaction 
soon attains a maximum intensity^ though it is 
quickened and advanced bj heat. Normal urines 
react in the same way with the picric test without 
heat. A solution of Kreatin or of Glucose pro- 
duces no reaction in the cold. Thudichum esti- 
mates the average daily excretion of Ereatin and 
Ereatinin (chiefly the latter)^ as 11*5 grains (A 
treatise on the Pathology of the vrine, Lond. 1858> 
p. 416) or about ^gr. per oz. Neubauer gives the 
quantity of Ereatinin which passes into the urine 
in twenty-four hours as from 9 to 20 grains. 
About igr. of Ereatinin in 1 oz. of water 
g^ves a reaction with the cold alkaline picric 
solution very nearly that afforded by the normal 
urine : but it does not develop so quickly as the 
latter. Ereatin is not present in normal urine^ 
but Ereatinin id a constant constituent (A Text 
Book of Physiology by M. Foster^ M.A., M.D.« &c. 
Lond. 1883). Dr. Balfe asserts that Ereatinin, 
when in excess^ reduces the cupric salts (CUnieal 
Chemistry, 1883, p. 161). 

■2. AmmoniTim Chlotide (even in very small 
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Indigo-'Carmine unchcmged^ but FehUng reduced, 

Ueio Acid. Oxalio Acid. 
Lactio Acid. 

Indtgo-carmtne and Fehling reduced. 

♦Unoxidized Phosphobus. 
ii. constituents of abnormal 

XJEINES. 
No reaction vnth IndigO'Carmine or Fehling. 

Leucine. Tyrosine. 

Albumen : purified Ov-albumen (after 

Wurtz.) 

Purified Ser-albumen. 

Albuminous urine free from 
sugar. 

quantity)^ ammonium urate or other ammoniacal 
salts were shown by Dr. Beale to prevent the pre- 
cipitation of cuprous ozide^ when sugar was 
present in smaU quantity. These salts do not re- 
duce the Indigo-carmine^ and the glucose detect- 
ing power of this test is not impaired by the 
addition of even more than 3 p.c. of ammonium 
chloride or other salt of ammonia, or of free 
ammoiua to diabetic urine. 
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After boiling the Indigo-carmine test 
with albumen, a drop of diabetic 
urine reacted as freely as in the 
absence of albumen; and glucose 
was detected by it in mixtures 
of any proportions of albuminous 
and diabetic urines. But when 
the quantity of glucose was small, 
while that of albumen was large, 
Fehling could not discover the 
former. 

Peptones. 

Bile :^ non - saccharine bile charged 
urine and ox-bile added to water 
in which the test was boiled. 

Blood/ Pus, or Muous in non-sac- 
charine urine. 

Tndigo-carmtne and Fehling reduced. 

♦Ammonium Sulphide. 

Indigo-carmine reduced, and Fehling turned 
olive green. 

•Inosite. 

1. The sugar contained in these fluids may 
reduce the tests. 
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HL CAEBO-HTDRATBS. 
N'o reaction with Indigo^carmine or Fehling, 

Cane Sugab. ♦Gum (Acacia) 
PUBE Gtoeeine. Gltotrehizin. 
Mankite. Salioin. 

Boiled Staboh. 

IndigO'Carmine aiid Fehling reduced. 

♦Milk Sugab. ' ♦Dextbin. 

rV. MEDICINAL AGENTS, &c. 
No reaction with either IndigO'Carm. or Fehling. 

Quinine.^ Balsam op Copaiba. 

MOBPHIA.^ BENZOATE OF LITHIA. 
CODEIA.^ HYPOPHOSPHITES. 

Atropine.^ Iodides. 
Cappeine.1 Liq. Peptious (Benger) 
Santonin.^ Etheb. 
Stbyohnine^ Abbutin.* 

1. Schwutzenberger aseerts correctly (Wurtz's 
Diet, de Chvmie) that quinine, cinchonine, and 
morphia retard the Indigo reaction. But accord- 
ing to my method of testing, any alkaloid added 
— ^in quantity never likely to be met with — ^to 
saccharine urine, does not interfere with even the 
quantitative estimation of the sugar. 

2. The glucoside of uva urst which passes freely 
into the urin^ (Lewin in Virchow'a Archiv. voL 
93, June, 1883). 
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Reaction wiih IndigO'Carmine and Fehling. 

•lEON Sulphate. 

♦Gallic and Tannic Acids and infu- 
sions, decoctions, &c., containing 
them. 

IndigO'Carmim unaffected, while Fehling re- 
duced, 

Gelsemine reacts green with Carmine 
on admixture, but the colour is 
not further altered by boiling or 
shaking (no reduction) ; whilst it 
also turns Fehling green, and re- 
duces it on boiling. 

Chlobopobm. Cabbolio Acid. 
Resin (B.P.) Salicylate op Soda. 

{Greeny not reduced), 

Jalapin. ^Chlobal. 

(Chreeiiy not reduced). 

Indigo-carmine merely decoloured or bleached, 
and Fehling unaffected* 

Tubpentine. 

1. The urine of persons taking chloral-hydrate 
reduces Fehling's solution^ the Bismuth test^ and 
the salts of silver. This reduction is said to be 
due to uro-chloralic acid. See L'XJrine, par Le Dr. 
C. M^hu^ Paris^ 1880, p. 120. 
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The Pigments of urine have not been 
isolated, and experimented on apart. The 
following facts, however, disprove of their 
taking any share in the characteristic re- 
action of the Indigo-carmine test. 

1. The depth of colour of the urines 
has borne no definite relation to the reaction. 
In diabetic cases, in which the urine is often 
very pale, any suspicion of the colouring 
matter is practically excluded. But in non- 
diabetic urines — such as those which give 
an earher reaction than normal urines and a 
green colour and milky turbidity with 
Fehling — ^it has often happened, that quite 
pale specimens have afforded a quicker and 
more developed colour change than the 
darker ones. 

2. Dark urines invariably gave the same 
reaction after being discolourized by animal 
charcoal as before. 

After perusing this uninteresting record of 
facts, the reader will be better prepared to 
estimate the relative position of the Indigo- 
carmine test by the side of the others. 
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Otiwral resuUe of the testings. 

Of the 64 substances experimented Mrith^ 

Fehling was reduced by 15 

Picric acid „ ») 11 

Indigo-oarmine „ ,, 8 

The only substances that produced the char- 
acteristic play of colours with the Indigo-car- 
mine test papers reacted with both Picric acid 
and Pehling's solution; the}'' were as follows: 

Unoxidized Phosphoeus. 

AMMONIUM Sulphide. 

Milk Sugar. Gallic Acid. 

Dextrin. Tannic Acid. 

INOSITE. Iron Sulphate. 

Both the Carmine and the Picric tests were 
reduced by Inosite : a substance which merely 
turned Pehling's solution green, but did not 
provide the yellow or red cuprous oxide. 

Of medicincd agents likely to find their way 
into the urine, the only ones which reacted 
were Iron Sulphate,^ and Gallic and Tannic 
acids :which, moreover reduced both Picric 
acid and Pehling's solution. 

1. ''Salts of iron> especially^ augment very 
largely the iron of the urine^ though, the amount 
passing oft in this way is not known.*' The Owi/h 
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So far my experiments have demonstrated 
that the Indigt>-carmine test is not reduced by 
any of the constitaents of normal urine, except 
Ihe sugars — ^glucose and inosite; or by the 
one drop of healthy urine prescribed for 
detecting abnormal proportions of glucose. 

It has been suggested to me that stale 
urine — which is the favourite reducing 
agent of some wool-dyers— may afford the 
reaction; one of the advantages, however, 
of this mode of testing is the avoidance of 
decomposing urines, with which no test for 
glucose can be trusted. I have, however, 
observed that the test papers do not produce 
a reaction with one drop of ammonical urine^ 
or of decomposmg albuminous urine c and 
ammonium sulphide in weak solution (but 
sufficient to reduce Fehling) used in the 
same way is equally negative, but, when 

position of the Urine, &c., by Ed. A. Farkes^ M.D,, 
Lcnd.j 1860^ p. 142. I have found the urine of 
patients taking iron freely is apt to giye reactions 
with the Gupric^ Picric, and Carmine tests, sug- 
gestive of small quantities of sugar over the 
normal amount. In this connection the observation 
of Grae vecke, that iron in the urine is always in the 
ferrous oondition, is uistrvLGtive,^Archiv, f, Exp, 
Pharm,, vol, ami,, p, 466). 
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more concentrated, it will rednce the Car- 
mine. When ammonia is freely added to 
diabetic urine, the reaction is not retarded or 
prevented; and ammonia of itself cannot 
produce it But still I would suggest some 
caution in inferring the presence of sugar in 
putrifying urine from the reaction with the 
Carmine test papers. 

It is said that unoxidized or partially 
oxidized sulphur, of which about six grains 
pass into the normal urine in twenty-four 
hours,^ will reduce Indigo-blue. I have 
however, boiled the Carmine test papers 
with precipitated sulphur, with sulphites, 
with hypo-sulphites, and with sulpho-car- 
bolates, and the result, after steadily heating 
for two minutes, has invariably been nega- 
tive. I very much doubt if, in any case, 
the small quantity of unoxidized sulphur 
present in one or even two drops of urine, 
can react with the test papers: and this 
supposition will appear all the more probable 
when one bears in mind that glucose in dis- 
tilled water in the proportion in which the 

1. See Clmical Chemistry, by C. H. Balf e> M.D., 
Lond. 1883^ p. 138. 
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sugars appear in normal urine — ^being about 
four times greater than that of unoxidized 
sulphur — ^merely induces the earliest colour 
change (violet) after heating two drops with 
the Carmine solution for two minutes. 

It has been asserted that all the ccarho-hy^ 
dratea when heated with the Indigo-carmine 
effect the reduction.^ Guided by observa- 
tion, I cannot accept this position ; for, I 
find the Carmine solution prepared from the 
test papers, when boiled and heated with 
each of the seven carbo-hydrates mentioned 
on a previous page (see p. 93) remains un- 
changed. I think it probable, however, that 
when the sugars of the urine have been 
worked out and isolated, it will be found, 
like Picric acid to react with all of them; 
and it is possible << it may be thus made avail- 
able for distinguishing between those forms 
of sugar sometimes present in urine which 
give no reaction with copper, and which do 
not readily ferment, and so help to distin- 
guish those cases from true glycosuria." 

It will probably have occurred to the 

1. See Lancet, vol. i.> 1883^ p. 877 and 956. 

2. (Mnical Chemigtry, op, eU,, p. 156. 
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reader that the small amount of arine— only 
one drop-^required for the testing by the 
Carmine paper, must reduce to a minimum 
the possible intervention of fallacies which 
may arise from the presence of constituents 
occurring merely in small quantities: e.^., 
phosphorus and sulphur (unoxidized or par- 
tially oxidized), anmionium sulphide, sac- 
charoid bodies other than glucose. 

There is one substance which — ^though not 
a constituent of the urine — ^will discharge 
the blue colour of the carmine : and that is 
a caustic alkali — Liq, Potaasce or Socks. I 
tlunk it well to mention this, lest the obser- 
ver using a test tube containing a trace of 
Fehling's or the Alkaline Picric solution, 
obtain a reaction with a drop of non-sacchar- 
ine urine. The caustic alkali converts the blue 
carmine into a green solution; and on heating 
all colour gradually vanishes. This reaction 
is, furthermore, unlike the characteristic one 
afforded by glucose, in that any remaining 
colour after heating slowly fades away on 
shaking the contents of the tube, and when 
the solution has become quite colourless no 
amount of agitation will restore the colours. 
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X. The Clinical Advantages of 

THE INDIGO-OAEMINE TEST PAPEES. 

The high position of PehKng's solution as 
a test for the glucoses in urine cannot be 
questioned ; but for two disadvantages 
which belong to it — ^the Hability to change 
on exposure to light and air, and the caustic 
properties which condemn it for bedside or 
out of door work — ^no one would desire 
a substitute. It has undoubtedly yet much 
sound work to do, and I have no wish 
to suggest the dismissal of it from our 
service. Still, like every other urinary test, 
it is not equally good all round. Where it 
is weak and apt to fail, the Indigo-carmine 
test, as here presented, appears to me to 
supply useful supplemental aid — apart from 
other clinical advantages. 

1. Sugar in small quantity along with 
much albumen, may be overlooked by Pehl- 
ing. As a rule, the search for sugar by this 
test in albuminous, bloody, or purulent urine, 
should be preceded by precipitation of the 
albumen and filtration. These procedures 
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are, however, annecessary when the Indigo- 
carmine test papers are used; for it has 
been proved by repeated observation, that 
they will detect sugar — ^in any proportion, 
and as readily as in ordinary diabetic urine 
— in the presence of albumen, peptones, 
blood, pus, &c. 

2. It is well known that uric acid will 
reduce Fehling's solution : but it has no re- 
action with the Carmine test. The latter is 
unaffected by urates: the former is, how- 
ever, apt to give with them a cuprous 
precipitate, which may easily lead to a false 
inference. On this point Prof. Cameron, of 
Dublin, gives the following very useful 
caution in applying the Cupric test. "I 
occasionally find urine with a very high 
specific gravity, and with a, so to speak, 
diabetic appearance, to be quite free from 
sugar. On several occasions, in specimens 
of urine believed to contain sugar, I could 
not detect a trace of that substance. A 
few months ago I examined the urine of 
a man who had been treated for diabetes. 
The urine had a specific gravity of 1035, 
and, on being boiled wirh Fehling's solution, 
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it gave a copious precipitate of Cuprous 
oxide. There was* something in the appear- 
ance of the precipitate, and in the slow way 
in which it made its appearance, that led me 
to suspect that it was not produced by sugar. 
This proved to be the case, for on treating 
the urine with yeast no carbonic acid (save 
a mere trace) was evolved. The presence 
of large quantites of urates in urine causes a 
brown precipitate with Fehling's solution. 
The urates, even when abundant, do not 
always separate as the characteristic < brick- 
dust.' I have found very large quantities 
of urates of ammonium in urine which re- 
mained clear on standing, but which gave 
a brown precipitate on being boiled with 
Fehling's solution." (Dublin Journal of Medi' 
cal Sciences^ ipril, 1883J. In such cases the 
clinical value of an appeal to the Carmine 
test must be apparent : for it will in a ready 
and simple way obviate the fallacy which 
makes the cupric test untrustworthy. 

3. Dr. Ralfe has suggested (see p. 99) 
that it inay prove a valuable supplement to 
the other tests for sugar, by virtue of its 
power to detect the saccharoid bodies which 
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may appear in the urine that do not react 
with copper, or that do not readO j ferment. 
The reader will, however, bear in mind 
that hitherto observation has shown that 
such bodies-— e.^.. Dextrin, Lactose, Inosite, 
— ^bat rarely appear in the urine, and that 
when the reaction is obtained with the Car- 
mine the presence of glucose may be pretty 
safely inferred. 

4. The capacity of the Oarmine test 
papers to afford information as to the ap- 
proximate quantity of sugar in the course of 
the search for this body (see Chapter v.) is 
a valuable working property; for it enables 
the practitioner at once to form an estimate 
of the cases of glycosuria examined for the 
first time, and of the effects of treatment — 
so far as these can be gauged by the amount 
of sugar excreted. 

5. The stability of the handy and cleanly 
Carmine test is an unquestional)le gain. 
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CHAPTER V. 



QUANTITATIVE SUGAR. 



I. The Indiqo-Caemine Test Papeb 
Provides Quantitative Infobmation. 



A most desirable property of a qualitative 
test at the bedside is the power to furnish 
a good notion of the coarser variations of 
quantity; for this knowledge obtained on 
the spot must often be of greater utility than 
even the discovery of finer gradations by 
methods of precision, which are not available 
beyond the consulting room, and necessarily 
require time for their application. ' It is this 
practical quality which emphasizes the adap- 
tability of the Carmine test paper to bedside 
work. But inasmuch as almost every sac- 
charine urine provides pretty uniformly the 
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complete reaction — the final pale yellow 
being nearly always reached — ^the observer 
will scarcely be prepared to riBgard the test 
papers in a quantitative light. 

A little observation will, however, soon 
show that this aspect of them is not only 
capable of verification, but can be readily 
applied in practice. 

When the attention has been directed to 
the degree and the rapidity of the reaction 
with different saccharine urines, great varia- 
tions are to be detected. In some, for 
instance, it begins immediately after the 
drop of urine has fallen into the hot solu- 
tion, and is perhaps completed in half a 
minute ; while in others the commencement 
of it is delayed for twenty or thirty seconds, 
and pale yellow is not reached until even 
two minutes have elapsed; and in still 
others at the end of the prescribed time for 
heating — 120 seconds — the colour developed 
is perhaps only red, purple, or violet. 

The cause of all this variability is found 
to be the different proportions of glucose 
present. This fact has been proved not only 
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by quantitative estimations by Pehling's 
solution, but by dissolving glucose^ in normal 
urine, and in distOled water, and submitting 
— as with saccharine urine— one drop of 
each solution to the 'test. The reaction — 
both in the degree it attained in the specified 
two minutes, and the rapidity of it — was 
always proportionate to the amount of glu- 
cose. For instance, less than five grains 
to the ounce would not develop the final 
colour — pale yellow — at all within two 
minutes, while 10 grains did so within one 
minute, and 35 or more grains within thirty 
Beconds. 

Glucose always affoi'ded the same reaction, 
whether dissolved in urine or in distilled 
water. I therefore conclude that none of 
the non-saccharine constituents of the urine 
are causes of variation. Excessive acidity 
of the urine may, however, in some cases 
diminish the reaction ; but, inasmuch as from 
ten to twelve drops of normally acid urine 
are required to appreciably retard the reac- 



1. WTiat la generally sold as 'pure' glucose 
contaiaSj according to mj observations, from 26 
to 50 per oent. of impurity. 



108 

tion of a solution of glucose (20 grains to 
the ounce) on the Carmine paper, it is pretty 
clear that the acidity of a urine must rise 
considerably over the average before it can 
become a source of disturbance. But, inas- 
much as saccharine urines are highly acid, 
and more particularly so after the lapse of 
a few hours, it will be as weU to eliminate 
this possible cause of variation of the reac- 
tion, by adding on all occasions a carbonate 
of soda paper to a definite portion of the 
urine to be examined.^ (See p. 111.) 

On diluting saccharine urines further evi- 
dence of the quantitative power of the test 
papers is apparent, the reaction being delayed 
or rendered incomplete — as the case may be 
•»in proportion as water is added to the 
urine. (Seep. 117). 



1. There is sufficient soda in each Carmine 
paper to neutralize at least eighty minims of urine 
of average acidity. 
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II. The Test Paper. 

The ordinary Indigo - carmine paper is 
available for the quantitative determinations. 
It furnishes a good general notion of all the 
proportions of sugar to be met with; but 
on testing with the urine, undiluted it is 
more particulariy applicable to the estimation 
of the smaller quantities. It is, however, 
equally useful in the determination of the 
larger amounts when the urine is diluted. 

I have been in the habit of using a test 
paper four times the strength of the ordinary 
one for the discrimination of the larger pro- 
portions of sugar in undiluted urine ; but I 
have decided not to bring it forward, lest by 
doing so I should be complicating the simple 
method of testing as it now stands, without 
securing at the same time any advantage 
over diluting the urine, which is equivalent 
to providing the quantitative power of the 
strong paper. 
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The test papers hitherto made have not 
been prepared with a view to their quantita- 
tive application, and have not been cut so 
even in size as is necessary for this purpose ; 
but I am assured that henceforth special care 
will be taken to secure the required uni- 
formity. Observation has shown me that 
slight variations in this respect are of no 
practical importance ; and that the quantita- 
tive results are determined chiefly by altering 
the proportions between the carmine and 
the alkali, rather than by adding more and 
more of the materials in the same quantities^ 

A large number of observations have 
shown me, that it is better to keep the 
constituents apart by a layer of rubber. 
This arrangement increases the sensitiveness 
of the test paper, and improves its quantita- 
tive capacity. The data which follow have 
been provided by the * duplex ' paper. When 
this test paper is heated in water, the rubber 
separates itself from the two papers, and 
rolls up to the surface out of the way, and 
the constituents of the test pass completely 
into solution* 
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III. The Mode op Testing. 

The steps previously described (see p. 76) 
are to be followed, but with more care in 
certain particulars. 

1. The water to be used should be dis- 
tilled or soft. 

2. The quantity of water to be added 
should not exceed the 50trt mark on the 
half-inch test tube. A wider tube than this 
should not be used. 

3. Twenty mininis of the urine to be 
examined are shaken with a carbonate of 
soda paper in the larger test tube, which is 
then set aside. 

4. The observer should select, if possible, 
daylight, and he should place some light 
coloured object close behind the tube, so 
that he may view the colour changes dis- 
tinctly by a bright reflected light. The 
disappearance of red is, however, perhaps 
most easily detected by holding the tube 
against the sky. 
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5. Before fhe testmg ia be^n the obser- 
ver lays before him his watch — a centre 
seconds is by far the best for the purpose. 
Time is to be accurately estimated by the 
seconds hand. 

6. Immediately after the paper — which 
is allowed to remain — ^has been boiled, when 
the carmine has well passed into solution, 
and when the liquid is quite hot, one drop — 
not more— of the urine from the larger test 
tube is delivered from the pipette held verti- 
cally,^ and the exact time by the seconds 
hand of the watch is noted. 

7. The solution is then well boiled up for 
about 10 seconds, and the tube is raised a few 
inches above the flame, and is very steadily 
held in that position ; but on the slightest 
ebullition occurring, it is raised still higher. 
The prevention of simmering during the 
course of the heating is a most important 



1. I am aware that a drop is a somewhat varia- 
ble quantity : it is, however, I think preferable — 
in handiness and practicability — to the minim, 
the accurate measurement of which requires well 
trained and reliable eyes and fingers, unfortu- 
nately not possessed by all ; and the variability 
of the drop, when discharged from the pipette 
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precaution towards obtaining reliable com- 
parative results. The slightest shaking of 
the tube — especially towards the end of the 
reaction — should be avoided. 

8. If the complete reduction, indicated 
by pale yellow, is not effected within two 
minutes, the heating is kept up for the 
whole of this period. 

The carbonate of soda paper should on no 
account be used along with the Carmine test 
paper. 

From the time of dropping in the urine 
the observer should specially note the colour 
of the solution at the close of 

(a) Thirty seconds. 

(b) One minute. 

(c) Two minutes. (See diagram p. 116). 



held in a vertical position^ is not bo great as 
to diettnrb the conclusions of the text. Those 
who prefer a more precise method will find it 
convenient to take lOTTt of the imne^ and make np 
with water to the lOOlU mark on the larger test 
tnbe^ add a carbonate of soda paper^ and use bKti 
at each testing. 
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IV. Quantitative Data. 

The quantitative information to be derived 
from the test paper is obtained from submit- 
ting to it the urine, (1) undiluted, and (2) 
definitely diluted. 

/• The Urine undiluted. 

The data provided fall into two sections : 
according as the reaction is complete or in- 
complete at the expiration of the period 
prescribed for heating — two minutes. 

(a) The reaction is incomplete. 

When the final colour change — ^pale yellow 
— is not developed, there are less than 5 
grains of sugar to the ounce, or under 1 
per cent. 

Any vestige of red tinging the yellow 
can be distinctly seen, when the tube is 
held vnthout any shaking about an inch be- 
fore a piece of white paper: on, however, 
placing it immediately against the latter, a 
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trace of red may still be detected— ^ to 
remove this requires not less than 10 grains 
to the ounce. 

When sugar is present in smaller quan- 
tity than 5 grains to the ounce, the colour of 
the solution at the end of the heating for 
two minutes represents definite quantities. 

Colour, Graiiu to the ounte. 

Violet^ = about 1. 

Purple^ = . „ 2, 

Red ' = „ 3. 

Reddish Yellow = ,- 4 ' 

If violet does not appear within half-a- 
minute, there are less than 2 grains of 
glucose to the ounce. 

If the solution, however, retains its blue- 
ness for twenty or thirty secpnds, and then 
during the course of the first minute be- 
comes violet and purple, the quantity of 
sugar is about 2 grains to the ounce: but 
if the violet appears at the close of the 

1. The casual observer is apt to confound violet 
with purple : but the colours are quite distinct — 
the former having blue> and the latter red^ as 
the predominating hue. 
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boiling up for ten seconds, there are at least 
from 4 to 6 grains to the ounce. 

(b) The reaction is complete. 

The time required for the full develop- 
ment of all the colours is determined by the 
amount of sugar. 

When straw yellow is reached in 

Oraim to the ounce, 

^ a minute there are about 35 grains or more. 
2 minutes 






)9 



95 
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The observer should carefully note the 
rapidity of the reaction in the course of the 
first minute. If at the close of the first 
half of it the solution is reddish, the quan- 
tity will be less than 35 grains to the ounce : 
but if it is pale yellow, the amount will 
be larger than this. If at the termination 
of the minute a red tinge is still apparent, 
the proportion will be under 10 grains to 
the ounce, or below 2 per cent. 

!S. Th$ urine definitely diluted. 

When the reaction with the undiluted 
urine is completed within one minute only a 
general conception of the quantity of sugar 
can be provided by the test paper. But the 
information thus obtained is a useful pre- 
liminary to the acquirement of a more 
definite idea of the amount which can be 
attained by the further testing of the urine 
methodically diluted. 

The principle of the proceedure is to take 
a measured portion of the saccharine urine 
(20TTt) and to dilute by the same volume 
(20iTt) of water at a time, until at last it b 
found that at the conclusion of the heat- 
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ing for a definite period, (either one or two 
minutes) the colour developed is no longer 
pale yellow, but has a distinctly red tinge ; 
the approximate amount of sugar is then 
arrived at by multiplying the number of 
times the volume of the urine was increased 
on the previous dilution, either by 10 or by 
5 grains to the ounce, according as the time 
selected for heating extended to one or two 
minutes. In this way, when urines are 
found to contain more than these amounts 
of sugar they are uniformly reduced to 
them ; and the dilution is continued until 
it is clear the limit has been overstepped 
— a reddish hue remaining at the close of 
the procedure. 

The selection of one or of two minutes 
for the heating, determines the gradations 
— in the former case 10 grains to the ounce, 
or 2 p.ci ; in the latter 6 grains, or 1 
p.c. — according to which the amount of 
sugar is to be estimated. 

(a) The solution to he heated for one minute. 

On returning the urine contained in the 
pipette to the large test tube into which 
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20tn were delivered (see p. 11 1), the observer 
adds the same measure of water. If, however, 
on testing the undiluted urine he found the 
yellow to appear at the end of half a minute, 
he may at once dilute the urine, to three 
times its volume (second dilution), otherwise 
he will only add 20nrt of water, and re-test. 
If, at the termination of the minute the 
yellow still appears, the contents of the 
pipettte are returned to the test tube holding 
the diluted urine, and a further addition of 
20tTi of water is made. The testing is 
repeated ; but, when it is evident the com- 
plete reduction of the blue carmine is not 
accomplished at the expiration of one minute, 
the procedure is at an end. 

On putting this method into practice uuder 
the guidance of Fehling's quantitative deter- 
mination, I find that when the testing by the 
Carmine paper affords a reddish yellow tint 
the value of the last dilution should be 
counted as five grains ; which amount 
should be added to the 10 grain values of 
the previous dilutions : but when the final 
trial provides a more decided red colour the 
calculation should only include the previous 
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dilations. For example : a urine containing 
according to Fehling 7 p. c. of sugar, or 
about 36 grains to the ounce, on the second 
dilution, gave at the expiration of the minute 
a reddish yellow reaction; therefore the 
amount was dx 104~^=^^ grains 
to the ounce. Another urine, shown by 
Fehling to contain 6 p. c. of sugar, or about 
81 grains to the ounce, just reduced the 
Carmine on the second dilution, but on the 
third it failed in doing so, and the solution, 
on being heated for the minute, merely 
acquired a redness tJiat could not be mis- 
taken for yellow ; the calculation was, 
therefore, 3 x 10 = 30 grains to the ounce. 

The determination of sugar by this shorter 
method does not usually require more than 
three test papers in all (often two will suffice), 
and the expenditure of more time than five 
minutes : and, moreover, the quantitative 
information it provides is, as a rule, suffi- 
cient for most clinical requirements. 

(b) The solution to be heated for two minutes. 

The observer, guided by the results of 
the preliminary testing of the undiluted 
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vaine, and keeping in mind the smaller scale 
(5 grains to the ounce) which the heating 
for two minutes requires, at once dUutes the 
urine more freely than when he selects the 
larger gradations : if the reaction was com- 
pleted in half-a^minute he adds five volumes 
(lOOtTl) of water to the one (20tTl) of urine : 
or if only in the course of the second half of 
the minute, he dilutes the urine with two 
volumes (40iTt) ot water. 

The testing proceeds as before : only the 
dilution may advance by two volumes of 
water at a time, if the complete reduction 
continues to take place before the first 
minute expires ; and thus the observer will 
economize his time as well as the test 
papers. 

This method has afforded me very satis- 
factory results, and it has always appeared 
to me, that the reading of the red reaction, 
which indicated the over-stepping of tho 
limit (namely 5 grains to the ounce) pro- 
vided by dilution, was somewhat more 
definite than when the wider scale was 

followed. 

I 
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Ccncktsiona. 

1. The Indigo-carmine test paper en- 
ables the clinical observer to discriminate 
between the glucose charges of di£ferent 
saccharine urines in the course of the mere 
qualitative testing. 

2. It provides definite, though only 
approximative, quantitative data; sufficient, 
however, for most of the clinical require- 
ments of the practitioner. 

3. The method proposed for its quantita- 
tive use exacts but a small expenditure of 
time— only a few minutes — and merely that 
careful attention to a few essential details, 
and the ordinary skill in observing and 
manipulating which it is rightly presumed 
that most medical men possess : and, more- 
over, it requires for its execution but the 
simplest apparatus, and consequently can be 
applied efficientiy away from the consulting 
room. 
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CHAPTER VI. 



Appabatus beqtjieed fob the Deteb- 
MiNATioK OP Albumen, Sugab, and 
Speoipio Gbavitt. 



The adaptability of the method of urinary 
examination by means of test papers to 
clinical work outside the consulting room, 
is not merely indicated by the portability of 
the test papers themselves, but is further 
shown by the simplicity and compactness of 
the apparatus required for their qualitative 
and quantitative application. 

I. Qualitative Albumen and Sugab. 

The observer only needs — 

1. A short half-inch teat tube. (Fig. 1). 

^. A nipple pipette, [{^ig* 3). In testing 
for albumen this useful little instrument 
may enable one to avoid sediment; and in the 
search for sugar it provides — when held 
upright — a uniform drop of very nearly half 
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a minim ;^ it is also ^ measure of the 20iTt 
dilutions required for quantitative albumen 
and sugar. When not in use, the tube 
having been pushed up within the rubber 
nipple, can be convenientiy packed along 
with the metal clip within the test tube. 
(Fig. 5). 

S. A metal clip used as a tube-holder 
during the boiling and heating required by 
the testing for sugar, and for drawing out 
the test papers, &c. 

II. Quantitative Albumen 

i. T^at tubes* The observer maj select 
either the jQattened^ or the small round tube, 
(Fig. 1). The shortness of the latter only 
allows the urine (20itt) to be diluted 6 times : 
therefore, when there is more than 'G p.cu 
albumen, either the urine should be diluted 
with an equal bulk of water in the larger 
tube (the data obtained being doubled) or 

1. The pipette^ when held in a vertical posi- 
tion^ and charged with 20Tri of water> should 
deliver from 36 to 38 drops. 

2. I prefer the flattened tube for home obser- 
vation ; for upon the whole> its results are more 
definite and accurate than those afforded by the 
round tube. 
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the scale (2 px.) provided hj the itdok fine^ 
(see below) should be selected. 

fB. The stcmdard opacity is proTided in a 
pennaneat form bj : (a) alumma pree^tated 
in an oval tube ; and (h) opaque glass fixed 
on one half of a card on which lines are 
printed. Observation has distinctly shown 
that lines are better definers of the limit 
when dilution should cease than other forms 
of printing. I have selected two kinds. (1) 
Fine lines, which, on using the * duplex * 
Mercuric-iodide,^ do not come into view 
until the opacity has been so reduced as to 
represent ^ p.c., and are then obscured as 
shown by the permanent standards; but 
become too distinct on diluting to -^ p.c. 
(2) Thick lines, which are just discernible 
when the opacity is equivalent to *2 p.c, 
and provide a good general effect — being 
distinctiy over-blurred by opacities greater 
than -^ p.c, and insufficiently obscured by 
those of smaller amounts; they will be 
specially useful when the eyesight is not 
particularly acute. I have lately proved 

1. This is the best test paper for quantitatiye 
albumen. 
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that this arrangement is better than that of 
the red lines mentioned on p. 58. 

-\ = '1 p.c. 

»■■■■■* J * 



:i 



= 'Z p.c. 



It will be found, however, that either of 
the permanent standards is useful merely 
as a temporary guide to the eye : for, after 
a little practice the observer will learn to 
use the printed lines correctly without it. I 
am satisfied that, with ^ p.c. opacity, the 
fine lines cannot be detected through the 
centre of the oval or round tube by keen 
sight aided by a bright light, such as that 
of the sun, or of a lamp, but are readily 
observed in ordinary light by anyone when 
the opacity is reduced to ^ p.c. The ob- 
server may, therefore, come to rely on merely 
discovering the limit of visibility of the fines 
viewed through the opacify with a good 
fight — either transmitted or reflected. The 
lines are printed on a card, partly covered by 
the opaque glass; and on paper — ^for those 
who can dispense with either permanent 
standard, or who prefer to use the alumina 
one. 
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III. Sfeoipio Gravity. 

A good many observations on the work- 
ing of the small urinometer provided for 
bedside use have caused me to discard this 
fragile and inaccurate instrument. The 
errors to which it is liable— often inducing 
variations of more than 5 degrees — are 
mainly caused by the different quantities of 
urine put into the trial glass, and by the tem- 
perature of the urine. It is only in name and 
appearance an instrument of precision. In 
its stead I greatly prefer a selection of six 
urinometer beads (1010, 15, 20, 30, 40, 50), 
each distinctly marked in black letters, and 
small enough to work satisfactorily in the 
large round test tube (Fig. 2) as a trial 
glass.^ The information they provide is re- 
liable and decisive, and is sufficiently ample 
for all practical purposes. Besides, they are 
handy and portable, and are not at all liable 
to fracture. 



1. These beads were made for me by Mr. 
Hawk8ley> 357« Oxford Street^ London^ W. 



